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ABSTRACT
E xperim en ts  w ere  c o n d u c te d  w ith  four s t r a in s  of c u cu m b er  m o sa ic  
v i ru s  (CMV), W is c o n s in  102, W is c o n s in  14, MCJ and C l ,  in  an  a t te m p t  
to  d e te rm in e  th e  r e a s o n s  for th e i r  d i f f e re n t ia l  t r a n s m is s io n  by th e  a p h id  
M y zu s  p e r s ic a e  ( S u lz . ) .  In fe c te d  to b a c c o  (N ic o tia n a  ta b a c u m  L. c v .  
H av a n a  425) or p epper  (C a p s ic u m  f ru te s c e n s  L. c v .  C a l i fo rn ia  W onder) 
or a p u r if ied  v i ru s  s u s p e n s io n  w a s  u s e d  a s  a v i ru s  so u rc e  for th e  a p h i d s .  
T o b a cco  w a s  u s e d  e x c lu s iv e ly  a s  th e  t e s t  p la n t .
P re lim inary  t e s t s ,  em ploy ing  th e  ap h id  a s  a  v e c to r  fo r  p la n t  to  
p la n t  t r a n s m is s io n  of th e  four CMV s t r a i n s ,  r e v e a le d  th a t  d e f in i te  
d i f f e r e n c e s  in  th e  a b i l i ty  of th e  i n s e c t  to  t r a n s m i t  the  v i ru s  s t r a in s  
d id  e x i s t .  Two s t r a i n s ,  W is .  102 an d  C l w ere  found  to  be e a s i ly  
t r a n s m i t te d  by th e  a p h id  w hile  s t r a in s  W is .  14 an d  MCJ w ere  se ld o m  
t i 'a n s m i t te d . Further t e s t i n g ,  u s in g  th e  a p h id  a s  a v e c to r  o f pu rif ied  
v i ru s  to  a t e s t  p la n t ,  in d ic a te d  th a t  in  th e  c a s e  o f s t r a in  MCJ th e  
problem  o f  s p e c i f i c i ty  d id  no t l i e  in  th e  a b i l i t y  of th e  a p h id  to  a c q u i r e  . 
th e  v i r u s .  In t h e s e  t e s t s  a l l  s t r a i n s ,  e x c e p t  W i s .  14, w e re  co m p arab le  
in  th e i r  a b i l i ty  to  be t r a n s m i t te d  by a p h id s .  D i f f ic u l t ie s  in  o b ta in in g  
a n  e f f e c t iv e  v i ru s  t i t e r  in  p la n t  t i s s u e  an d  d i f f i c u l t i e s  in  sym ptom  
e x p r e s s io n  p re v e n te d  e x te n s iv e  t e s t s  w ith  th e  W i s .  14 s t r a in .
R e su lts  o b ta in e d  in  t r a n s m is s io n  t e s t s  w ith  purif ied  v iru s  d id  no t
su p p o rt  th e  h y p o th e s is  th a t  d i f f e re n c e s  in  t r a n s m is s io n  o f s t r a in s  C l ,  
W i s .  102 and  MCJ w ere  due to  d i f f e re n c e s  in  c o n c e n t r a t io n .
v ii
The p o s s ib i l i t y  t h a t  d if fe re n t ia l ,  c o n c e n t r a t io n s  o f  v iru s  in  th e  
ep id e rm is  of p la n ts  in f e c te d  w ith  v a r io u s  s t r a in s  of CMV a f fe c te d  th e ir  
t r a n s m is s io n  by a p h id s  w as  c o n s id e re d .  The v iru s  c o n c e n t r a t io n s ,  
d e te rm in e d  by lo c a l  l e s io n  a s s a y  on C henopod ium  a m a ra n t ic o lo r  
(C o s te  & R e y n . ) ,  in  bo th  e p id e rm a l a n d  su b e p id e rm a l  t i s s u e  of p la n ts  
in f e c te d  w ith  s t r a in s  W is .  102 and  C l w ere  found to  be s im i la r .  The 
MCJ s t r a in  u s u a l ly  sh o w ed  h ig h e r  c o n c e n t r a t io n s  of v i ru s  in  both  t h e s e  
t i s s u e s  w h ile  th e  W i s .  14 s t r a in  a lw a y s  sh o w ed  much low er c o n c e n ­
t r a t i o n s .  T ra n s m is s io n  by a p h id s  w h ic h  probed  in fe c te d  ep id e rm al 
t i s s u e  w a s  s im i la r  to  t h a t  by a p h id s  w h ic h  probed  on in t a c t  t i s s u e .
A d i f fe re n c e  in  v i ru s  c o n c e n t r a t io n s  in  th e  e p id e rm a ta  of p la n ts  
in fe c te d  w ith  th e  four CMV s t r a in s  c a n n o t  a c c o u n t  for d i f f e re n c e s  in 
a p h id  t r a n s m i s s i b i l i t y .
In o rder  to  d e te rm in e  th e  e f fe c t  of th e  t im e  o f so u rc e  p la n t  
in fe c t io n  o f  ap h id  t r a n s m is s io n  of s t r a in s  of CMV, a p h id  t e s t s  w ere  
c o n d u c te d  o n . th e  s o u rc e  p la n t s  d a i ly  from th e  tim e of in i t i a l  sap  
in o c u la t io n  th ro u g h  t e n  d a y s .  Each s t r a in  show ed  a n  i n i t i a l  la g  p h a se  
du ring  w h ich  no t r a n s m is s io n  by the  a p h id s  cou ld  be d e t e c t e d .  The 
" n o n t ra n s m is s ib le "  s t r a in s  sh o w ed  a  p e a k  of optimum t r a n s m is s io n  on 
a  c e r ta in  d ay  w h ile  th e  t r a n s m is s ib le  s t r a in s  r e a c h e d  a  po in t o f  optimum 
t r a n s m is s io n  an d  re m a in e d  a t  a h igh  l e v e l  of t r a n s m is s ib i l i ty  for the  
d u ra t io n  o f th e  t e s t .  D uring th e  tim e of o p tim a l t r a n s m is s io n  of a
v i i i
1'n o n t r a n s m is s ib le "  s t r a in ,  i t  w a s  n o ted  th a t  i t  p ro d u ced  lo c a l  l e s io n s  
o n  Chenopodium  a m a ra n t ic o lo r  w ith in  24 h o u r s .  The a v e ra g e  tim e for 
lo c a l  l e s io n  d e v e lo p m e n t on t h i s  p la n t  i s  3 to  4 d a y s .
INTRODUCTION
Aphids t ra n sm it  cucum ber  m o sa ic  v iru s  (CMV) a s  a s t y l e t -  
borne v i ru s  (34, 45) . The e f f ic ie n c y  w ith  w h ic h  a  s ty le t - b o rn e  v iru s  
c a n  be t ra n s m i t te d  by a p h id s  d e p e n d s  on s e v e ra l  f a c to rs  (62). Among 
th e s e  f a c to rs  a re  v iru s  s o u rc e  p la n t  (17, 44 , 54 , 57 ) , th e  v e c to r  
s p e c ie s  (2 , 17, 23 , 2 4 ,  29, 4 4 , 4 5 ,  46 ) , th e  t e s t  p la n t  (17 , 4 5 , 54), 
th e  v e c to r  h o s t  p la n t  (17), an d  the  env ironm en t (48).
Any one of t h e s e  f a c to r s ,  or a  c o m b in a tio n  of th em , may a f fe c t  
the s p e c i f i c i ty  w ith  w h ich  a p h id s  t ra n sm it  v a r io u s  p la n t  v i r u s e s .
This s p e c i f i c i ty  in c lu d e s  l o s s ,  g a in ,  or v a r ia t io n  in  th e  a b i l i ty  of a  
g iven  a p h id  to  t ra n sm it  a  v i ru s  or i t s  s t r a in s  (2, 55, 67).
P rev io u s  work done  on a p h id  t r a n s m is s io n  of s ty l e t - b o rn e  v i r u s e s  
e s t a b l i s h e d  th a t  t h e s e  v i ru s e s  a re  a c q u ire d  and  t ra n s m i t te d  m o s t  e f f i ­
c ie n t ly  during  b r ie f  p ro b es  of p lan t  t i s s u e  by th e  a p h id .  D uring a  b r ie f  
probe th e  s ty l e t s  do n o t  p e n e tr a te  fu r th e r  th a n  th e  e p id e rm is  (15). 
C o n c e p ts  a b o u t  th e  s p e c i f i c i ty  w ith  w h ic h  a p h id s  t ra n sm it  t h e s e  v i ru s e s  
h a v e  th e re fo re  c e n te re d  around  v i ru s  d is t r ib u t io n  or c o n c e n t ra t io n  in  th e  
in fe c te d  t i s s u e  (7) or in h ib i to rs  (47, 59) .
The form and  lo c a t io n  o f  s ty le t - b o rn e  v i ru s e s  in  th e  h o s t  p lan t 
a re  n o t  known w ith  c e r ta in ty  (69). A s sa y s  of e p id e rm a l s t r ip s  of v iru s  
in fe c te d  t i s s u e  h av e  b een  m ad e ,  both  by m e c h a n ic a l  in o c u la t io n  of
1
th e  sap  (7) an d  a p h id  t r a n s m is s io n  t e s t s  on th e  t i s s u e  (36), to  d e t e r ­
m ine th e  e f fe c t  o f .v i ru s  lo c a t io n .  I r ra d ia t io n  of in fe c te d  t i s s u e  h a s  
b e e n  em ployed  in  several c a s e s  (11, 2 7) to  d e te rm in e  th e  e f fe c t  of 
v i r u s - d i s t r ib u t io n  on t r a n s m is s io n .
The f a c t  th a t  a p h id s  t r a n s m i t  s ty le t - b o rn e  v i ru s e s  more e f f ic ie n t ly  
i f  th ey  a re  f a s t e d  befo re  th e  a c q u is i t io n  probe w a s  c o n s id e re d  to  be 
e v id e n c e  of th e  p o s s ib le  in h ib i to ry  e f f e c t  of a p h id  s a l iv a  on  t r a n s m i s ­
s io n  (67). S e v e ra l  w orkers  s u g g e s te d  th a t  s a l iv a ry  s e c re t io n s  cE a p h id s  
may a c tu a l ly  d i f f e r e n t ia l ly  i n a c t iv a te  c e r ta in  v i ru s e s  an d  p lay  a  ro le  in  
v e c to r  s p e c i f i c i ty  (21 , 50). I t  had  b e e n  s u g g e s te d ,  h o w e v e r ,  th a t  
t h e s e  in h ib i to rs  may la c k  th e  c o m p lex ity  to  a c c o u n t  for th e  s p e c i f i c i ty  
w h ic h  e x i s t s  am ong ap h id  t r a n s m i t te d  v i r u s e s  (64).
This d i s s e r t a t i o n  d e s c r ib e s  th e  r e s u l t s  o f  an  a t te m p t  to  d e t e r ­
m ine th e  r e a s o n s  for d if fe re n t  ap h id  t r a n s m is s io n  le v e l s  of s t r a in s  of 
CMV. Four s t r a in s  w h ich  d if fe red  in  th e ir  l e v e l s  of ap h id  t r a n s m is s ib i l i ty  
w ere  c h o s e n  for t h i s  s tu d y  from a group of n a tu ra l ly  o ccu rr in g  CMV 
s t r a i n s .
V aria tio n s  due to  v im s  t e s t  p la n ts  w ere  r e d u c e d  to  a  minimum 
in  th i s  s tudy  by e x c lu s iv e  u s e  of M ico tiana  ta b a c u m  c v .  H av an a  425 . 
V aria tions  due to  th e  aph id  s o u rc e  p la n t  and  a p h id  s p e c i e s  w ere  
r e d u c e d  to  a  minimum by e x c lu s iv e  u s e  of m u s ta rd  p la n t s  (B ra s s ic a e  
p re v lr id is  B a iley  c v .  T endergreen) an d  a  c lo n e .o f  M yzus  p e r s i c a e  ( S u lz . ) .
LITERATURE REVIEW
A v iru s  a s s o c i a t e d  w ith  m o sa ic  of c u c u rb i ts  w a s  re p o rted  in  
1916 by G ilb e r t  (25). He l in k e d  th i s  v iru s  w ith  a m o sa ic  in  cu cu m b ers  
re p o rted  from O h io ,  M a s s a c h u s e t t s ,  W is c o n s in ,  C o n n e c t ic u t  an d  
o th e r  s t a t e s .  The v i ru s  w as  found  to  a f f e c t  n o t  on ly  c u c u rb i ts  but 
a l s o  som e 34 o th e r  p la n t  f a m il ie s  (20). The sym ptom s c a u s e d  by 
cucum ber m o sa ic  v i ru s  (CMV) on cucum ber w ere  d e s c r ib e d  by 
D o o li t t le  in  1916 (22).
A llard  (1), u s in g  a  c lo n e  of M yzu s  p e r s i c a e  (S u lz .)  on to b a c c o ,  
w as  a b le  to  show  a c o n c e n t r ic  p a t te rn  of d i s s e m in a t io n  of CMV in  a 
g re e n h o u se , .  In d e p e n d e n t ly ,  D o o l i t t le  (22) and Jogger  (31) show ed  
th a t  th e  m elon  a p h id ,  Aphis g o s s y p li  (G lover) , w a s  a b le  to  t ra n sm it  
CMV. D o o li t t le  o b ta in e d  h is  r e s u l t s  from c a g e d  and  u n c a g e d  t e s t  
p la n ts  in  th e  f ie ld  w h e re a s  J a g g e r  u s e d  p o tted  p la n ts  in a  g re e n h o u s e .  
Kennedy et_ al_. (34) re p o r te d  th a t  61 of 100 s p e c i e s  of a p h id s  w ere  
c a p a b le  of a c t in g  a s  v e c to r s  of CMV. The g reen  p e a c h  a p h id ,  M . 
p e r s ic a e  i s  a v e c to r  of CMV and  m any o th e r  p la n t  v i ru s e s  (45).
S e v e ra l  f a c to r s  p lay  a ro le  in  th e  a b i l i ty  of a n  in s e c t  to  sp re a d  
a  g iv e n  v i r u s .  This  a b i l i ty  d o e s  not d ep en d  s o le ly  on th e  n a tu re  of 
a p a r t ic u la r  v iru s  (45), but a l s o  on th e  p la n t  on w h ich  the  ap h id  i s  
r e a re d  (aphid h o s t  p la n t ) ,  th e  p la n t  s p e c ie s  p rov id ing  th e  v i ru s  (sou rce
p la n t ) ,  t h e  p la n t  s p e c ie s  to  w h ich  th e  ap h id  t ra n s m i ts  the  :/ i ru s  ( te s t  
plan t) , an d  th e  ap h id  v e c to r  s p e c ie s  (45). T h e se  f a c to r s  in te r a c t  in  
th e  a p h id -v iru s  r e la t io n s h ip  (45). O th e r  im p o rtan t  f a c to r s  to  be c o n ­
s id e re d  in  the  t r a n s m is s io n  of a  s ty le t - b o rn e  v iru s  a re :  s e a s o n a l  
v a r ia t io n  te m p e ra tu re ,  hum id ity  and  l ig h t  (48), num ber of i n s e c t s  
(49), and  the  tim e of fe e d in g  on the  in f e c te d  a n d  h e a l th y  p la n ts  (29).
The len g th  o f tim e th a t  an  ap h id  re m a in s  v i ru l i fe ro u s  a f te r  
a c q u i s i t io n  of a v i ru s  h a s  b een  th e  s u b je c t  of much s tu d y .  W a tso n .
(63) d e m o n s tra te d  tw o  g roups; the  f i r s t  c a l l e d  p e r s i s t e n t ,  for th o s e  
v i ru s e s  w h ich  a re  r e ta in e d  by th e  v e c to r  for long p e r io d s  of t im e; the  
s e c o n d  te rm ed  n o n p e r s i s te n t ,  for th o s e  w h ic h  a re  r e ta in e d  for sh o r te r  
p e r io d s .  Kennedy et_ a l .  (34) renam ed  th e  n o n p e r s i s te n t  v i ru s e s  s ty l e t -  
bo rne  b e c a u s e  th e y  a re  c a r r ie d  on th e  t ip s  of th e  a p h id s '  s t y l e t s .
The e x a c t  n a tu re  of th e  s ty le t - b o rn e  v i r u s - v e c to r  r e la t io n s h ip  
i s  n o t  fu lly  u n d e r s to o d .  S e v e ra l  h y p o th e se s  h a v e  b een  p ro p o sed  to  
e x p la in  i t .  The m e c h a n ic a l  t r a n s m is s io n  h y p o th e s i s ,  t h a t  i s ,  th a t  th e  
v e c to r  i s  a  mere m e c h a n ic a l  c a r r ie r  o f th e  v i r u s ,  w a s  s u g g e s te d  by 
D o o l i t t le  and  W a lk e r  in  1928 (24). S e v e ra l  re p o r ts  by W a ts o n  (63, 64, 
65 , 66), h o w e v e r ,  in d ic a te d  th a t  th e  mode o f  t r a n s m is s io n  of n o n p er­
s i s t e n t  v i ru s e s  m ight no t be so  s im p le .  F ac to rs  su c h  a s  le n g th  of 
t im e of p robe and  th e  d u ra t io n  of f a s t in g  befo re  a  probe w ere  show n 
to  in f lu e n c e  th e  a c q u is i t io n  o f  v iru s  by  th e  a p h id .  T h e se  fa c to rs  
s u g g e s te d  th e  p o s s ib i l i ty  of a  co m p lex  v e c to r - v i r u s  r e l a t io n s h ip .
Bradley (10) a t te m p te d  to  re v iv e  th e  m e c h a n ic a l  th e o ry  o f a p h id  
t r a n s m is s io n  of s ty le t - b o rn e  v i r u s e s .  He s ta te d  t h a t  th i s  ty p e  of 
t r a n s m is s io n  i s  m e c h a n ic a l  in  th e  s e n s e  th a t  t h e  v i ru s  i s  c a r r ie d  
a t  the  t ip s  of th e  s t y l e t s .  U s in g  i r r a d ia t io n ,  he  w a s  a b le  to  ren d e r  
a p h id s  ca rry in g  po ta to  v iru s  Y (PVY) n o n in fe c t iv e  by a  s ty le t  t ip  
t r e a tm e n t  (13). S im ila r  r e s u l t s  w ere  o b ta in e d  u s in g  a fo rm aldehyde  
t re a tm e n t  for th e  s ty l e t  t ip s  (14). Three a d d i t io n a l  v i ru s e s  w ere  la te r  
found to  be c a r r ie d  a t  th e  tip  o f  th e  a p h id 's  s ty l e t  (16). This problem  
w a s  a l s o  s tu d ie d  by D ay  an d  I rzy k iew icz  (21), w ho c o n c lu d e d  th a t  
th e  sh o rt  t im e  b e tw een  th e  a c q u is i t io n  probe and  th e  end of a  s u c ­
c e s s f u l  in o c u la t io n  fe e d  in d ic a te d  th a t  th e  v iru s  i s  r e s t r i c t e d  to  th e  
s t y l e t s .
The s i t e  of p o r ta g e  of v i r u s e s  on t h e  s ty le t  t ip s  i s  n o t  know n. 
Aphids may t ra n sm i t  s ty le t - b o rn e  v i ru s e s  in  one o f s e v e ra l  w a y s  w h ich  
in v o lv e s  on ly  th e  f i r s t  few  m icrons  of th e  s ty l e t  t i p .  Van d e r  W an t (71) 
s u g g e s te d  th a t  th e  v i ru s  may be c a r r ie d  on th e  o u te r  su rfa c e  of th e  
s ty l e t s  s in c e  i t  cou ld  n o t  e n te r  th e  s a l iv a ry  d u c t  or be r e in je c te d  in to  
a  p la n T o n c e  i t  e n te re d  th e  food d u c t .  Van Hoof (70) d e m o n s tra te d  th a t  
th e  s ty l e t  t ip s  o f M . p e r s ic a e  p o s s e s s e d  g ro o v es  or c a v i t i e s .  Pie 
s u g g e s te d  th a t  th e s e  r id g e s  m ight harbor t r a n s m is s ib le  v i r u s .  Bradley 
(18) d e m o n s tra te d  th a t  PVY i s  c a r r ie d  on  th e  m a x i l la ry  s t y l e t s ,  but he 
cou ld  no t find  e v id e n c e  of th e i r  p r e s e n c e  on th e  m a n d ib le s .  S y lv e s te r  
an d  R ichardson  (60) s u g g e s te d  t h a t  t r a n s m is s ib le  v iru s  i s  c a r r ie d  in  a
sm all  am oun t of s a l iv a  w hich  su rro u n d s  th e  s ty le t  t i p s .  They p o in ted  
ou t th a t  in te ra c t io n  b e tw e e n  th is  c o n ta m in a te d  s a l iv a  a n d  the  p e n e ­
tra te d  p la n t  c e l l s  might modjfy th e  in fe c t io n  p ro c e s s  a n d  becom e a 
fa c to r  in  s p e c i f i c i ty .
Barnett an d  P irone (4) re p o r te d  th a t  a c t iv e  p rob ing  by an  ap h id  
is  no t re q u ire d  for v iru s  a c q u i s i t i o n .  They show ed  t h a t  a n e s th e t iz e d  
a p h id s ,  w h o se  s ty le t s  w ere  d ip p ed  in to  c a p i l l a r ie s  c o n ta in in g  p u r if ied  
CMV, a c q u ire d  th e  v i ru s  an d  t r a n s m i t te d  i t  a f te r  r e c o v e ry  from th e  
a n e s t h e t i c .  They s ta t e d  th a t  w h ile  th i s  d o e s  not e l im in a te  a c t iv e  
probing a s  a m eans  of v iru s  a c q u i s i t io n ,  i t  in d ic a te d  th a t  p a s s iv e  
a c q u is i t io n  of th e  v iru s  i s  p o s s i b l e .
The s h o r t  tim e r e q u ire d  for th e  a c q u is i t io n  a n d  d e p o s i t io n  of 
s ty le t - b o rn e  v i ru s e s  in d ic a t e s  t h a t  th e  s t y l e t s  h av e  n o t  p ro g re s se d  
further  th a n  a p a r t ia l  p e n e tr a t io n  o f  th e  ep id e rm is  (11 , 12). The v irus  
m ust h e re  be a c q u ire d  or t ra n s m i t te d  (69). The a p h id 's  s ty le t  e x te n d s  
ab o u t 5 j a  beyond  the en d  of the  lab ium  during  a 15 s e c o n d  p robe (17) 
and  a b o u t  8 j i  during  a  30 s e c o n d  probe (37). S ince  th e  work of 
S y lv e s te r  (5 6) i t  h a s  b ecom e a common p r a c t ic e  to in te r ru p t  an  ap h id  
probe a f te r  a p red e te rm in ed  t im e .  He sh o w ed  th a t  a n  a p h id  i s  more 
a p t  to  p ick  up  a  v iru s  during  a s h o r t  p robe th a n  du rin g  a longer  feed in g  
p e r io d .  In  e x p e r im e n ta l  t r a n s m is s io n ,  th e re fo re ,  v i ru s  u p tak e  o ccu rs  
in  th e  e p id e rm is ,  s in c e  a 30 s e c o n d  probe i s  m ost com m only u s e d .
This d o e s  no t im ply , h o w e v e r ,  th a t  v iru s  a c q u is i t io n  in  m e so p h y ll
t i s s u e  c a n n o t  ta k e  p l a c e .  S e v e ra l  w orkers  h a v e  show n th a t  th e  aph id  
may a c q u ire  th e  v iru s  in  su b e p id e rm a l  t i s s u e  a f te r  th e  e p id e rm is  h a s  
b een  s t r ip p e d  aw ay  (15 , 36 , 7 0 ) .  I t  i s  d o u b tfu l  th a t  t h i s  r e g io n  p la y s  
a  s ig n i f ic a n t  ro le  in  v i ru s  u p ta k e  in  n a tu re  b e c a u s e  v i ru s  t r a n s m is ­
s io n  i s  g e n e ra l ly  a t  i t s  h ig h e s t  l e v e l  a f te r  a 15-30 s e c o n d  p ro b e .
Van Hoof (70), u s e d  th e  s tr ip p e d  ep id e rm is  of a  le a f  in fe c te d  
w ith  a  s ty le t - b o rn e  v i ru s ,  to  d e m o n s tra te  th a t  th e  s ty l e t s  p ro c e e d  
i n t e r c e l lu l a r l y . He o b se rv e d  a r e a s  on t h e  in fe c te d  t i s s u e  w here  the  
a p h id 's  s a l iv a r y  s h e a th  made c o n ta c t .  S w en so n  (53) p o in ted  ou t th a t  
m ost a p h id s  may try  to  lo c a te  th e  p o s i t io n  of c e l l  w a l l s  by a  tap p in g  
p ro ced u re  on th e  ep id e rm is  befo re  a p ro b e .  Aphids w h ic h  d id  no t do 
t h i s ,  h o w e v e r ,  w ere  o b se rv e d  to  probe l e s s  th a n  45 s e c o n d s .  He 
c o n c lu d e d  th a t  the  n o n tap p in g  a p h id s  a c q u ire  th e  v i ru s  i n t r a c e l lu l a r l y . 
N a u l t e t a l .  a l s o  re p o r te d  in t e r c e l lu l a r  p ro b es  (37).
The form in  w h ic h  the  v i ru s  i s  p ic k e d  up from th e  p la n t  by th e  
ap h id  is  not know n , bu t in d i re c t  e v id e n c e  im p l ic a te s  both w h o le  v iru s  
an d  v i r a l  RNA. Van Hoof (70) s u g g e s te d  th a t  v i ra l  RNA i s  th e  t r a n s ­
m is s ib le  form . S im ons an d  M o ss  (47) sh o w ed  th a t  v i ru l i f e ro u s  a p h id s  
w ere  n o t a l t e r e d  in  th e i r  a b i l i ty  to  t ra n sm it  a  s ty l e t - b o m e  v i ru s  by a  
r ib o n u c le a s e  t re a tm e n t  of th e i r  s t y l e t s .  T h is  cou ld  im ply  th a t  RNA 
i s  no t th e  t r a n s m is s ib le  form . P irone an d  M eg ah ed  (39), u s in g  p u r if ied  
p re p a ra t io n s  o f CMV an d  v i ra l  RNA w ere  u n a b le  to  o b ta in  t r a n s m is s io n  
of th e  RNA com p o n en t by a p h id s  fed  th rough  a  m em brane a l th o u g h  w h o le
v iru s  o f e q u a l  in f e c t iv i ty  w a s  r e a d i ly  t r a n s m i t t e d .  They c o n c lu d e d  
t h a t  a l th o u g h  th i s  d o e s  no t e l im in a te  v iru s  RNA a s  th e  t r a n s m is s ib le  
form in  p l a n t s ,  i t  d o e s  s t re n g th e n  th e  a rg u m en t for w h o le  v i ru s  t r a n s ­
m is s io n .
S ty le t -b o rn e  v i ru s e s  m ay  be t r a n sm it te d  w ith  d if fe re n t  e f f i ­
c ie n c ie s  by a  g iv e n  ap h id  s p e c i e s .  The l i t e r a tu r e  c o n ta in s  s e v e ra l  
rep o rts  of a  c h a n g e  in  th e  a b i l i ty  to  t r a n sm i t  c e r ta in  v i ru s e s  or s t r a in s  
of a  p a r t ic u la r  v i ru s  (2, 5 4 ) .  S e v e ra l  th e o r ie s  have  b e e n  p ro p o sed  to  
e x p la in  th i s  o b s e rv e d  s p e c i f i c i ty  of a p h id  t r a n s m is s io n .
S a l iv a ry  s e c r e t io n s  h a v e  o f ten  b een  im p l ic a te d  in  v e c to r  
s p e c i f i c i ty .  I t  may be th a t  th e  aph id  s a l iv a  c a n  in a c t iv a te  c e r ta in  
v i ru s e s  but not o th e r s .  Sukhov  (50) c o n te n d e d  th a t  th e  aph id  s a l iv a ry  
s h e a th  i s  r e s p o n s ib le  for re n d e r in g  th e  ap h id  in c a p a b le  of t ra n sm it t in g  
to b a c c o  m o sa ic  v i ru s  (TMV). No e v id e n c e  e x i s t s  to  p rove th i s  p o in t ,  
how ever  (21). D ay e t  a l .  (21) ex p e r im e n te d  on  th e  e f f e c t  of s a l iv a  of 
N e z a ra  v ir id u la  L . , a h e m ip te ro u s  i n s e c t ,  on  th e  in fe c t iv i ty  of PVY by 
and TMV. They a t te m p te d  to  show a d i f f e r e n t ia l  e f fe c t  of s a l iv a  on 
th e  in f e c t iv i ty  o f  th e s e  v i r u s e s . ’ They found l e s s  in h ib i t io n  of TMV 
th a n  PVY by th e  s a l i v a ,  h o w e v e r .
A nother p o s s ib le  e x p la n a t io n  for v e c to r  s p e c i f i c i ty  l ie s  i n  th e  
a v a i la b i l i ty  of t h e  v iru s  in  th e  so u rc e  p la n t .  The c o n c e n t ra t io n  of 
th e  v iru s  in th e  a re a  of th e  ap h id  p robe h a s  b een  c o n s id e re d  to  be  a 
p o s s ib le  fa c to r  in  v e c to r  s p e c i f i c i ty  (6, 68). M o st f in d in g s ,  h o w ev er ,
in d ic a te  th a t  th e re  a re  no a p p re c ia b le  d i f f e re n c e s  in  v iru s  c o n c e n t r a ­
t io n s  of t r a n s m is s ib le  a n d  n o n t ra n s m is s ib le  s t r a in s  of v i ru s e s  in  an y  
g iv en  lo c a le  (54 , 68) .
J e d l i n s k i  (32) d e m o n s tra te d  th a t  th e  in fe c t ib le  s i t e s  of 
m e c h a n ic a l ly  t r a n s m i t te d  TMV an d  to b a c c o  n e c r o s i s  v iru s  vary  in  
e a c h  of tw o  p la n t  h o s t s .  If t h i s  c o n c e p t  i s  e x te n d e d  to  s ty  l e t -b o r n e  
v i r u s e s ,  a  p o s s ib le  e x p la n a t io n  for t r a n s m is s io n  d i f f e re n c e s  m ight be 
p ro v id e d .  The t e s t  p la n t  r e c e p to r  s i t e s  w ou ld  be s p e c i f ic  for d if fe re n t  
v i r u s e s .
W a ts o n  (67) re p o r te d  a p h id  t r a n s m is s io n  of p o ta to  v iru s  C (PVC), 
w h ich  had  form erly  b een  th o u g h t to  be n o n t r a n s m is s ib le  by a p h id s  from 
p o ta to  (5). She c la im e d  th a t  th e  c h a n g e  o c c u r re d  in  th e  v iru s  a s  a  
r e s u l t  of p a s s a g e  th ro u g h  N ic o t ia n a  q l u t i n o s a . The ch an g e  w a s  
r e v e r s ib le  upon r e p a s s a g e  th rough  p o ta to  t i s s u e .  She c o n te n d e d  th a t  
th e  v iru s  p o s s e s s e d  som e c h e m ic a l  g ro u p ,  c a p a b le  of s p e c i f i c  com ­
b in a t io n  w ith  som e com ponen t o f  th e  a p h id 's  m outh p a r t s .
Badami (2) found th a t  M . p e r s i c a e  lo s t  th e  a b i l i ty  to  t r a n sm i t  a 
s t r a in  of CMV i s o l a t e d  from s p in a c h .  The ap h id  h a d  form erly  b e e n  a b le  
to  t ra n sm it  th i s  v i ru s  r e a d i ly .  The lo s s  of th i s  p ro p e r ty  o c c u r re d  
a l th o u g h  th i s  ap h id  s p e c ie s  m a in ta in e d  th e  a b i l i ty  to  t ra n sm it  o th e r  
s t r a in s  of CMV under  th e  sam e c o n d i t io n s .  O ther  a p h id  s p e c i e s  sh o w ed  
v a r ia b le  a b i l i ty  to  t r a n sm i t  th is  s t r a in .  P ro p a g a t io n  of th e  s t r a in  in  
d if fe ren t  p la n t  s p e c i e s  d id  no t a f f e c t  th e  t r a n s m is s io n  lo s s  by M .
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p e r s i c a e . He c o n te n d e d  t h a t  th is  l o s s  of t r a n s m is s ib i l i ty  by th e  
a p h id  o ccu rred  a s  a  ch a n g e  in  th e  v i ru s  ra th e r  th a n  a v e c to r  c h a n g e .
He su p p o rted  h i s  theo ry  w i th  e v id e n c e  t h a t • M . p e r s i c a e  o b ta in e d  
from d iffe ren t s o u rc e s  a l l  f a i le d  to  t r a n s m i t  a n d  t h a t  o th e r  a p h id  
s p e c i e s ,  c a p a b le  of t r a n s m is s io n  of o th e r  s t r a in s  of CMV, a l s o  
f a i le d  to  t r a n s m i t  th is  v i r u s .  C h a n g e s  in  i n s e c t  t r a n s m is s ib i l i ty  
h a v e  a l s o  been  re p o r te d  fo r  po ta to  y e l lo w  dw arf  v i ru s  (9), tom ato  
a sp e rm y  v irus  (3 0 ) ,  and  b e a n  y e l lo w  m o sa ic  v i ru s  (55).
Any a t te m p t  to  e x p la in  d i f f e r e n c e s  in th e  e f f ic ie n c y  or s p e c i f i c i ty  
w ith  w hich  an  a p h id  t r a n s m i t s  a s ty le t - b o rn e  v i ru s  m ust in c lu d e  a c o n ­
s id e r a t io n  of t h e  in te ra c t io n  among th e  v i ru s ,  th e  a p h id  s p e c i e s ,  and  
th e  so u rce  an d  t e s t  p la n ts  u s e d .
MATERIALS AND METHODS
I .  P la n ts  and  Vim s S tra in s
D r. R. G. G ro g a n ,  U n iv e rs i ty  o f  C a l i fo rn ia ,  D a v i s ,  s u p p lie d  
cucum ber m o sa ic  v i m s  (CMV) s t r a in s  W is c o n s in  102 an d  W is c o n s in  
14; Dr. M . K. C o rb e t t  of th e  U n iv e r s i ty  o f  F lo rida  s u p p l ie d  th e  MCJ 
s t r a in s ;  an d  D r. A. F . R o ss ,  C o rn e l l  U n iv e r s i ty ,  su p p lie d  th e  C l  
s t r a in .  All v iru s  s t r a in s  w ere  m a in ta in e d  in  to b a c c o ,  N ic o t ia n a  
t abacum  L. c v .  H a v a n a  425, s to c k  p l a n t s .  F resh  s to c k  p lan ts  w ere  
m e c h a n ic a l ly  in o c u la te d  every  14 d a y s  w ith  f re s h ly  e x p r e s s e d  s a p  
rubbed  by g a u z e  p a d  on  young l e a v e s  d u s te d  w ith  600~m esh c a rb o ru n ­
dum .
In  th e  p re lim inary  t e s t s  of p la n t  to  p la n t  t r a n s m is s io n  of CMV by 
th e  a p h id s ,  to b a c c o  p la n ts  in  th e  5 -6  le a f  s t a g e  w ere  m e c h a n ic a l ly  
in o c u la te d  w ith  tire v i r u s .  T h e se  p la n ts  w ere  in c u b a te d  in  th e  g r e e n ­
h o u s e  from 14 to  21 d a y s  or u n t i l  sym ptom s o f s y s te m ic  in fe c t io n  
becam e a p p a re n t .  Sym ptom s on  p la n ts  in f e c te d  w ith  e a c h  of t h e  four 
s t r a in s  d id  no t a d v a n c e  a t  th e  sam e  r a t e ,  h o w e v e r .  All p la n ts  w ere  
u s e d  a s  th e  v iru s  s o u rc e  p la n ts  on  th e  s a m e  d ay  r e g a r d le s s  of th e  
s ta g e  of sy m p to m s.
The p la n ts  u s e d  a s  a  so u rc e  of v iru s  fo r  p u r i f ic a t io n  w ere  to b a c c o  
or pum pkin (C ucum is  pepo  L. c v .  Sm all S u g a r ) . The to b a c c o  w a s
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in o c u la te d  in  the  4 to  6 le a f  s ta g e  and  h a rv e s te d  4 to  7 d a y s  la te r  
r e g a rd le s s  o f  s y m p to m s . The pumpkin w as  in o c u la te d  in  the  c o ty -  
led o n ary  s ta g e  and h a rv e s te d  6 to  7 d ay s  la te r ,  a t  w h ich  tim e s y s te m ic  
symptom s w ere  a p p a re n t .
T obacco  s e e d l in g s  in  th e  3 to  4 le a f  s ta g e  w ere  u s e d  a s  t e s t  
p la n ts  for aph id  t e s t s . T w enty -four  p lan ts  w ere  u s e d  in  e a c h  t e s t  
u n le s s  o th e rw ise  in d ic a te d .
I I .  Aphids
A c lo n e  of M yzus p e r s ic a e  (S u lz . ) ,  e s t a b l i s h e d  from a s in g le  
a p h id ,  w as  u se d  e x c lu s iv e ly  in  a l l  t r a n s m is s io n  t e s t s .  The in s e c t s  
w ere r e a re d  on young m ustard  p la n t s ,  B rass ica  p re v ir id is  (Bailey) c v .  
T e nderg reen  in  a co n tro lle d  env ironm en t cham ber a t  75°F u nder  a  14- 
hour pho toperiod  of 200 f t-c  l ig h t  i n t e n s i ty .  F resh  h o s t  p la n ts  w ere  
in fe c te d  w ith  ap h id s  every  10 to  12 d a y s .
III .  T ra n sm is s io n  T e s ts
A pterous a p h id s  w ere b ru sh ed  in to  g la s s  c o n ta in e r s  and  f a s te d  
for one hour before a l l  t e s t s  (63, 65). A cork borer w as  u s e d  to cu t  a 
d i s c  from a s y s te m ic a l ly  in fe c te d  to b a c c o  l e a f .  The d i s c  w as  th e n  
p laced  on a  sm all co rk  g lu ed  to  a  p e tr i  d ish  b o tto m . The d i s h  w a s  
f il led  to  th e  periphery  of the d i s c  w ith  tap  w a te r  to  keep  th e  d i s c  
m ois t for th e  d u ra tio n  of th e  t e s t .  Aphids w ere  rem oved  from th e  
g la s s  c o n ta in e rs  w ith  a  c a m e l 's  h a i r  brush  an d  p la c e d  on th e  d i s c
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w h ere  th e y  w ere  a l lo w e d  to  probe th e  in fe c te d  t i s s u e  fo r  20 to  30 
s e c o n d s  a f te r  th e  lab iu m  of th e  a p h id  m ade c o n ta c t  w ith  the e p id e rm is  
o f th e  le a f  d i s c .
W h en  th e  e p id e rm is  a lo n e  w a s  to  be u s e d  in  a  t r a n s m is s io n  
t e s t ,  th e  d i s c  w as  c u t  from a p o r t io n  of the  l e a f  d i s s e c t e d  by a v e i n .  
U nder  a d i s s e c t in g  m ic ro sc o p e  a  s m a l l  le n g th w is e  i n c i s io n  w a s  m ade 
in to  th e  v e in ,  one e d g e  of a  p a i r  o f  fo rc e p s  w a s  p la c e d  in  th e  in c i s io n  
an d  th e  ep id e rm is  s t r ip p e d  w ith  slow' ev en  p r e s s u r e .  Vein r e s id u e  w as  
rem oved  and  th e  upper  or low er e p id e rm is  c o u ld  th e n  be  t r e a te d  a s  an  
o rd in a ry  l e a f  d i s c .
T e s ts  in  w h ich  p u r if ie d  v i ru s  w a s  a c q u i re d  th rough  a  m em brane 
r e q u ire d  feed in g  c a g e s  '(42 ) . T h e se  w ere  m ade  o f  1 /2  x  2 in c h  
sp o n g e  rubber  p ad s  c o n ta in in g  a 20 mm d ia m e te r  ho le  in  th e  c e n te r .
A s h e e t  of t r a n s p a re n t  c e l lu lo s e  n i t r a te  c o v e re d  th e  bottom  of th e  h o le .  
A para film  m em brane w a s  s t r e t c h e d  o v er  th e  e n d  of a 2 cm s e c t io n  of 
g l a s s  tu b in g .  The v i ru s  w a s  p la c e d  in  th e  p a ra f i lm  c o v e re d  g l a s s  tu b e .  
The tu b e  w as  th e n  i n s e r t e d  over  th e  open ing  c£ th e  sp o n g e  rubber  pad  
w ith  th e  para fi lm  s id e  d o w n . The a p h id s  w ere  p la c e d  in s id e  th e  
fe e d in g  c a g e  and  w ere  a l lo w e d  to  p robe th e  v i ru s  s u s p e n s io n  th ro u g h  
th e  m e m b ra n e .
In  a l l  c a s e s  ap h id  p ro b es  w ere  o b s e rv e d  w ith  a  d i s s e c t i n g  
m ic ro s c o p e .  At th e  en d  of th e  p rob ing  p e r io d  th e  ap h id  w a s  p la c e d  
o n  th e  t e s t  p la n t  w ith  a  c a m e l ’s h a i r  b rush  a n d  e a c h  p la n t  w a s  c o v e re d
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w ith  a c e l lu lo s e  n i t ra te  tu b e  to  c o n ta in  th e  ap h id  to  a  s in g le  p la n t .
One aph id  w a s  u s e d  per p la n t  in  a l l  c a s e s .  The i n s e c t s  w ere  a l lo w e d  
to  fe e d  on th e  t e s t  p la n ts  for a b o u t  8 h o u r s ,  a f te r  w hich  a s o lu t io n  of 
M ev inphos  (2 -m e th o x y c a rb o n y l- l- -m e th y l)  i n s e c t i c i d e  w as  s p ra y e d  on 
e a c h  t e s t  p la n t  to  k i l l  the  a p h i d s . The p la n t s  w ere  in c u b a te d  in  a 
s c r e e n e d  g re e n h o u s e  a n d  p o s i t iv e  t r a n s m is s io n  w a s  re c o rd e d  by the  
a p p e a ra n c e  of sym ptom s on  th e  l e a v e s .  T h e se  sym ptom s u s u a l ly  
a p p e a re d  w hen  th e  t e s t  p la n ts  r e a c h e d  th e  5 to  6 l e a f  s t a g e .  D a ily  
o b s e rv a t io n  an d  r e c o rd in g s  w ere  made for p o s i t iv e  t r a n s m is s io n  
b e c a u s e ,  w ith  th e  e x c e p t io n  of s t r a in  MCJ th e  sym ptom s w ould  fade  
w ith in  a w e e k  a f te r  a p p e a r a n c e .  In th e  c a s e  of q u e s t io n a b le  sy m p to m s, 
a .local l e s io n  a s s a y  of th e  t e s t  p lan t  w a s  co n d u c te d  on C henopodium  
a m a ra n t ic o lo r  (C o s te  an d  R eyn .)  before a  re c o rd in g  of p o s i t iv e  trans-*- 
m is s io n  w a s  m a d e .
In one c a s e  a s e r i e s  of t e s t s  w ere  c o n d u c te d  in  w h ic h  100 a p h id s  
w ere  a l lo w e d  to  probe a  s m a l l  to b a c c o  le a f  d i s c  in f e c te d  w ith  th e  MCJ 
s t r a in  w h ich  sh o w ed  s y s te m ic  sy m p to m s . The a p h id s  w ere  th e n  a l lo w e d  
to  probe a m em brane c o n ta in in g  0 .2  ml o f 0 .0 0 5  M sod ium  b o ra te  bu ffe r ,  
pH 9 .0  an d  th i s  so lu t io n  w a s  u s e d  for a  l o c a l  l e s io n  a s s a y  on 
Ch e n o p o d iu m . The sam e vo lum e of c o n tro l  buffer w a s  a s s a y e d  for 
p o s s ib le  c o n ta m in a t io n  w ith  th e  v i ru s .
IV. Virus P u r if ic a t io n
a ,  S c o t t ' s  M ethod:
The p ro ced u re  d e s c r ib e d  by S c o t t  (43) for th e  p u r if ic a t io n  of 
CMV w a s  u s e d  w h en  in f e c te d  to b a c c o  t i s s u e  w a s  p u r if ie d .  About 
200 to  25 0 gm of to b a c c o  t i s s u e ,  c o l l e c te d  5 to  7 d ay s  a f te r  i n o c u la ­
t io n ,  w a s  b len d ed  in  a  W arin g  b le n d e r  in  0 .5  M sodium  c i t r a te  bu ffe r ,  
pH 6 .5 ,  ch loroform  and  0 .1 %  th io g ly c o l ic  a c id  in  a  l g m / l m l / l m l  
p ro p o rtio n  for two m in u te s  a t  s low  s p e e d .  The r e s u l t in g  em u ls io n  
w as  b ro k e n  by c e n t r i fu g a t io n  in  a S o rv a l l  RC2 c e n tr i fu g e  a t  11 ,7 0 0  x  G 
fo r  10 m in u te s .  The a q u e o u s  p h ase  w a s  p a s s e d  th rough  c h e e s e c lo th  
and  d ia ly z e d  a g a in s t  0 .0 0 5  M b o ra te  bu ffe r ,  pH 9 .0  for 20 to  24 
hours  a t  4 ° C .  The liq u id  from the  d i a l y s i s  b ag  w a s  ce n tr ifu g e d  a t  
78 ,4 1 0  x  G for 120 m in u tes  in  a  S p in co  m odel L2 u l t ra c e n t r i fu g e .
The p e l l e t s  w ere r e s u s p e n d e d  in  6 ml of 0 .0 0 5  M bo ra te  bu ffe r ,  
pH 9 .0  a n d  c la r i f ie d  by c e n t r i fu g a t io n  a t  11, 700 x  G for 10 m in u te s .
A h igh  s p e e d  c e n tr i fu g a t io n  of 1 0 2 ,9 0 0  x G for 45 m inu tes  w as  u s e d  on 
the  s u p e rn a ta n t .  The p e l l e t  w as  r e s u s p e n d e d  in  3 ml of 0 .0 0 5  M b o ra te  
buffer,  pH 9 .0  to  g iv e  a p u r if ied  v i ru s  s u s p e n s io n .  To m ake a f in a l  
su c ro se  c o n c e n t r a t io n  of 5% for u s e  in  the  p u r if ied  v iru s  a c q u i s i t io n  
t e s t s  0 . 4 5 ’ml of t h i s  s u s p e n s io n  w a s  added  to  0 .0 5  ml of 50% s u c ro s e  
in  w a t e r .
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b .  G ro g a n 's  M ethod:
G rogan (2 6) d e s c r ib e d  a m ethod  for th e  p u r if ic a t io n  of CMV 
from pumpkin t i s s u e .  T h is  m ethod w as  more rap id  a n d  u s u a l ly  g av e  
m ore pure p r e p a ra t io n s  o f  v iru s  th a n  S c o t t 's  m ethod , bu t a g g re g a t io n  
o f  th e  v iru s  p re se n te d  a  problem  in  some w o rk .  About 200 gm of 
in fe c te d  pum pkin  t i s s u e  w as  b le n d e d  w ith  a n  e q u a l  vo lum e of 0 .1  M 
p h o sp h a te  b u ffe r ,  pH 7 . 5 ,  c o n ta in in g  0 .1%  th io g ly c o l ic  a c id .  The 
b le n d  w as  in c u b a te d  o v e rn ig h t  a t  4 °C  th e n  th e  sap  w a s  e x p r e s s e d  
th ro u g h  c h e e s e c lo th  a n d  c la r i f ie d  a t  1 1 ,7 0 0  x G for 10 m in u tes  in  a  
S o rv a l l  RC2 c e n t r i fu g e .  The s u p e rn a ta n t ,  a c id i f ie d  w ith  6 .0  N HC1 
to  pH 4 . 9 ,  w a s  in c u b a te d  in  a n  i c e  ba th  for 30 m in u te s  and  c la r i f i e d  
a t  11 ,700  x  G for 90 m in u te s .  A h igh  s p e e d  c e n t r i fu g a t io n ,  7 8 ,4 1 0  x  .
G for 90 m in u te s  in  a  S p inco  m odel L2 u l t r a c e n t r i f u g e ,  fo llo w ed  th i s  
s t e p .  The p e l l e t s  w e re  r e s u s p e n d e d  a s  b e fo re ,  fo llo w e d  by th e i r  h igh  
s p e e d  c e n t r i fu g a t io n .  The p e l l e t s  w ere  o n c e  more r e s u s p e n d e d  an d  
c la r i f i e d .  The c la r i f ie d  s u p e rn a ta n t  c o n ta in e d  th e  v i ru s  s u s p e n s io n .
V. A ssa y
Leaf d i s c s  u s e d  for th e  a p h id  t r a n s m is s io n  t e s t s  w ere  a s s a y e d  
fo r  v iru s  c o n c e n t r a t io n  by th e  l o c a l  l e s io n  m ethod  on le a v e s  of 
C h e n o p o d iu m . The in o cu lu m  w a s  p rep a red  by g r ind ing  th e  l e a f  d i s c  
in  a  m ortar c o n ta in in g  0 .5  to 1 .0  ml of 0 . 0 0 5  M b o ra te  b u ffe r ,  pH 9 . 0 .
A s e r ie s  o f  d i lu t io n s -w a s  made th rough  10“ '7. The inocu lum  w as  rubbed  
on  carborundum  d u s te d  h a lf  l e a v e s  o f th e  t e s t  p la n t  w ith  g a u z e  p a d s .  ■
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For th e  i n f e c t i v i t y  a s s a y  of pur if ied  v i ru s  Chenopod ium  l e a v e s  
were  i n o c u l a t e d  w i th  a  s e r i e s  of  d i l u t i o n s  m ade  in  0 .0 0 5  M bora te  
buf fe r ,  pH 9 . 0 .  L o c a l  l e s i o n s  a p p e a r e d  a b o u t  3 to  4 d a y s  a f t e r  
i n o c u l a t i o n .  The r e c i p r o c a l  of  the  h i g h e s t  d i lu t io n  w h ic h  sh o w ed  
l e s i o n s  w a s  u s e d  a s  t h e  v i ru s  t i t e r .  The u l t r a v i o l e t  a b s o rp t io n  
sp e c t ru m  w a s  m e a s u r e d  in  a  Perk in  Elmer c o lo r im e te r .  The r e l a t iv e  
n u c l e o p r o t e in  c o n c e n t r a t i o n  of t h e  p r e p a ra t i o n s  w as  d e te rm in e d  from 
th e  a b s o r p t i o n  a t  2 50 mp.
VI. S ero logy
The 2 6 0 /2  80 r a t io  w a s  u s e d  to  s t a n d a r d i z e  t h e  v i rus  s u s p e n s i o n s  
w h ic h  w ere  t o  be  u s e d  a s  a n t i g e n .  One m i l l i l i t e r  of e a c h  of t h e  four  
CMV s t r a i n s  w a s  i n j e c t e d  i n t r a v e n o u s ly  i n to  r a b b i t s  a t  the  f i r s t  i n j e c ­
t i o n .  Two a d d i t i o n a l  i n t r a m u s c u la r  i n j e c t i o n s  of 0 .5  ml of an t ig e n  
and  0 . 5  ml of F r e u n d ' s  in c o m p le te  a d j u v a n t  (19) w ere  a d m in i s t e r e d  a t  
w e e k ly  i n t e r v a l s .  Serum w a s  o b ta in e d  s e v e n  d a y s  a f t e r  th e  l a s t  i n j e c -  
—t i o n .  M ic r o p r e c ip i t in  t e s t s  w ere  c o n d u c te d  on  th e  v a r io u s  s e r a  and  
v i ru s  s t r a i n s .  D i lu t io n  t i t r a t i o n  w a s  u s e d  to  de te rm ine  th e  r a n g e  of 
a c t i v i t y  of e a c h  a n t i g e n :a n t ib o d y  s y s t e m .  M ic ro p re c ip i t in  t e s t s  of 
t h e s e  s y s t e m s  p e rm i t ted  th e  u s e  of v e ry  s m a l l  am o u n ts  of a n t i g e n  an d  
a n t i s e r u m  (3).
VII. E lec t ro n m ic ro sco p y  
S p e c im en s  for  e l e c t r o n  m ic ro sco p e  s t u d i e s  w ere  p la c e d  on  a 
c a r b o n - c o a t e d  gr id  in  a drop of 2 %  p h o s p h o tu n s t i c  a c id  w h ich  h ad  
b e e n  a d j u s t e d  to  pH 6 . 6  w i th  p o t a s s iu m  h y d ro x id e .  S p ec im en s  were  
p i e c e s  of ep id e rm is  p e e l e d  from th e  u n d e r s id e  of a n  i n f e c t e d  l e a f  of 
t o b a c c o  an d  p l a c e d  w i th  th e  b roken  s u r f a c e  in  c o n t a c t  w i th  th e  s t a i n .  
The ep id e rm is  w a s  g en t ly  d raw n  a c r o s s  t h e  s u r f a c e  of  th e  drop a n d  
d i s c a r d e d .  A s m a l l  p i e c e  of f i l t e r  p aper  w a s  u s e d  to  a b s o rb  th e  
e x c e s s  s t a i n .  The s p e c im e n  w a s  e x am in ed  under  t h e  e l e c t ro n  m ic ro ­
s c o p e  a f t e r  a sh o r t  d ry ing  per iod  (28).
EXPERIMENTAL RES.ULTS
I* I d e n t i f i c a t i o n  of  s t r a i n s
Four s t r a i n s  of  cucum ber  m o s a i c  v i ru s  (CMV), W i s c o n s i n  102,  
W i s c o n s i n  14, MCJ,  an d  C l  sh o w ed  s l ig h t ly  d i f fe ren t  sym ptom s  on 
s y s t e m i c a l l y  i n f e c t e d  young  t o b a c c o  (N ic o t i a n a  t abacum  L. c v .  H av an a  
425) l e a v e s .  The MCJ s t r a in  p ro d u ced  a s e v e r e  ye l low  m o s a i c  w h e re a s  
t h e  W is  . 102 a n d  C l  s t r a i n s  d e m o n s t r a t e d  a  m i lde r  g reen  m o s a i c  p a t ­
t e r n .  The W i s .  14 s t r a in  show ed  a v e ry  mild m o s a i c  p a t t e r n .  T e s t  
p l a n t s  were  r e c o rd e d  a s  p o s i t i v e  i f  t h e s e  sym ptom s  d e v e l o p e d .
S t ra in s  W i s .  102 an d  MCJ p rod u ced  lo c a l  n e c r o t i c  l e s i o n s  on cow p ea  
(Vlgna s i n e n s i s  Endl.  c v .  Blue G o o s e ) .  The W i s .  14 s t r a i n ,  h o w e v e r ,  
p ro d u ce d  lo c a l  c h lo ro t i c  s p o ts  on th i s  p l a n t ,  w h ic h  w ere  e a s i l y  d i s ­
t i n g u i s h a b l e  from t h o s e  p rod u ced  by W i s .  102 a n d  MCJ.  S t ra in  Cl  
p ro d u ce d  no symptoms on  c o w p e a . The t ime requ i red  for  any  symptoms 
to a p p e a r  on th e  cow pea  p l a n t s  w as  from 24 to  48 h o u r s .  All s t r a i n s  
p rod u ced  lo c a l  l e s i o n s  on Chenopod ium  a m a ra n t i c o lo r  {Coste  & R e y n . ) . 
In th e  e a r l y  s t a g e s  of  i n f e c t io n ,  s t r a in  MCJ c o u ld  be  d i s t i n g u i s h e d  
from th e  o the r  s t r a i n s _by the  s i z e  of th e  l e s i o n s .  The MCJ l e s i o n s  
a p p e a r e d  to  be so m ew h a t  s m a l le r  t h a n  th e  l e s i o n s  p ro d u ced  by the  
o the r  s t r a i n s .  The a v e r a g e  t ime for  t h e  p ro d u c t io n  of l e s i o n s  on 
Chenopod ium  w a s  a b o u t  3 to  4 d a y s  . On p ep p e r  (C ap s icu m  f r u t e s c e n s  
L. c v .  C a l i fo rn ia  Wonder)  th e  sym ptom s  r a n g ed  from m o sa ic  to  s e v e re
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c h lo r o s i s  a n d  m o t t l in g .  W i t h  t h e  e x c e p t i o n  of  W i s .  14, a l l  s t r a in s  
p roduced  m ot t le  in  t h e  l a t e r  s t a g e s  of i n f e c t io n .  Pepper  p l a n t s  
i n f e c t e d  w i th  W i s .  14 u s u a l l y  d id  no t  d ev e lo p  any  symptoms b e s i d e s  
a mild g r e e n  m o sa ic  p a t t e r n .
E lec t ro n m ic ro sc o p y  of  t h e  four  s t r a i n s  pur if ied  from to b a c c o  
r e v e a l e d  no d i f f e re n c e  in  m orpho logy .  The s h e l l s  su rround ing  th e  
p ro te in  c o a t  w h ich  H i tchborn  and  H i l l s  (28) d e s c r i b e d  were  no t  
o b s e rv e d  on  any  s t r a i n .  All four  s t r a i n s  f e l l  w i th in  the  30 to  40 mjj. 
d iam ete r  r a n g e  r ep o r ted  by o the r  w orke rs  (43, 61) .
The four  s t r a i n s  of CMV u s e d  in  t h i s  s tu d y  were  found  to  be 
s e r o lo g ic a l ly  c l o s e l y  r e l a t e d .
I I . Aphid t r a n s m i s s i o n  s tu d ie s
!•  P lan t  to p la n t  t r a n s m i s s i o n . -In t h e  p re l im inary  e x p e r i m e n t s ,  
t h e  aph ids  were a l l o w e d  to  p robe  in to  l e a f  d i s c s  t a k e n  from to b a c c o  
p l a n t s  s y s t e m i c a l l y  in fe c te d  w i th  one e a c h  of  th e  four s t r a i n s .  T h e se  
so u rce  p l a n t s  had b e en  m e c h a n ic a l ly  i n o c u l a t e d  14 d a y s  e a r l i e r  and  
show ed  sy m p to m s .  C o m p ara t iv e  t r a n s m i s s i o n  t e s t s  w ere  r e p e a t e d  s ix  
t im e s  w i th  e a c h  s t r a in  under  s im i la r  c o n d i t io n s  .■ Virus i n f e c t iv i t y  of  
t h e  lea f  d i s c  were d e te rm in e d  a f t e r  e a c h  t r a n s m i s s i o n  t e s t  by lo c a l  
l e s i o n  a s s a y  of the  t i s s u e  e x t r a c t  on Chenopod ium  l e a v e s .
The d a t a  o b t a in e d  from t h i s  s e r i e s  of ex p e r im en ts  sh o w ed  .the 
l e v e l s  of t r a n s m i s s i o n  of th e  four CMV s t r a i n s  by M. p e r s i c a e  from
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le a f  t i s s u e  (Table 1). Although th e re  w as  v a r i a t i o n  in  th e  t r a n s m i s s i o n  
l e v e l s  among th e  s ix  e x p e r im e n ts  w i th  th e  four  s t r a i n s ,  the  t o t a l s  show 
t h a t  W i s ,  102 a n d  C l  a r e  more e a s i l y  t r a n s m i s s i b l e  th a n  W i s .  14 or 
MCJ. The d i lu t io n  end p o in t ,  a s  a s c e r t a i n e d  by l o c a l  l e s i o n  a s s a y ,  
a l s o  sh o w e d  s l i g h t  v a r i a t io n  from t e s t  to  t e s t  for a l l  s t r a i n s ,  bu t  gave  
no i n d i c a t io n  t h a t  d i f f e r e n c e s  in  v i ru s  c o n c e n t r a t i o n s  w ere  r e s p o n s i b l e  
for d i f f e r e n c e s  in  aph id  t r a n s m i s s i o n .
For c e r t a in  aph id  t r a n s m i s s i o n  t e s t s ,  i t  s e e m ed  d e s i r a b l e  t o  u s e  
s im i la r  c o n c e n t r a t i o n s  of  e a c h  s t r a i n  of CMV to  i n o c u l a t e  so u rc e  p l a n t s .  
In o rde r  to  do t h i s ,  s ap  from in fe c te d  s to c k  p l a n t s  w a s  a s s a y e d  by the  
l o c a l  l e s i o n  m ethod  on cow p ea  or  C h enopodium  a t  l e a s t  24 hours  
before  i n o c u l a t i o n  of th e  so u rce  p l a n t s  w a s  t o  t ak e  p l a c e .  After  
a s c e r t a i n i n g  th e  app rox im a te  v i ru s  t i t e r  in  t h e  s to c k  p la n t  of e a c h  
s t r a in ,  the  sap  from p la n t s  i n f e c t e d  w i th  e a c h  s t r a in  w a s  a d j u s t e d  by 
d i lu t io n  in  0 .0 0 5  M bora te  buffer  to  g ive  s im i l a r  c o n c e n t r a t i o n s .  This 
a d j u s t e d  sap  w a s  th e n  u s e d  a s  inocu lum  for t h e  so u rce  p l a n t s .  I t  w as  
o b s e r v e d ,  h o w e v e r ,  t h a t  t h i s  p rocedure  d id  n o t  p roduce  so u rce  p la n t s  
w i th  s im i la r  v i ru s  c o n c e n t r a t i o n s  of  the  four s t r a i n s .  W h i le  t h e  v i rus  
t i t e r s  d id  not  v a ry  g r e a t ly  , some s t r a i n s  c o n s i s t e n t l y  m u l t ip l ie d  more 
r a p id ly  in  the so u rc e  p l a n t s .  The MCJ s t r a i n ,  c o n s id e r e d  th e  l e a s t  
t r a n s m i s s i b l e  by a p h i d s ,  i n v a r ia b ly  m u l t ip l ied  more r a p id ly  t h a n  the 
o the r  s t r a i n s  in  th e  so u rc e  p la n t s  . S y s te m ic  symptom s w ere  o f te n  s e e n  
w i th  t h i s  s t r a in  s e v e r a l  d a y s  before  the  d e v e lo p m en t  of  sym p to m s  of
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Tab le  1. T r a n s m is s io n  of  four  s t r a i n s  of c u cu m b er  m o s a i c  v i rus
a c q u i r e d  by  M y zu s  p e r s i c a e  from in f e c t e d  t o b a c c o  p l a n t s .
S tra in Exper im ent
T r a n s m is s io n  
Leve l  3 /
D i lu t ion  End 
Poin t  J2/
W i s .  102
W i s .  14
MCJ
Cl
1
2
3
4
5
6
t o t a l
1
2
3
4
5
6
t o t a l
1
2
3
4
5 
5
t o t a l
1
2
3
4
5
6
t o t a l
7 /2 4
9 / 2 4
6 /2 4
2 / 2 1
1 /2 1
3 / 2 4
2 8 /1 3 8
1 /2 4
1 /2 4
0 / 2 4
1 /24
1 /2 4
0 / 2 4
4 / 1 4 4
0 / 2 4
0 / 2 4
0 / 2 4
1 /2 4
0 / 2 4
0 / 2 4
1 /1 4 4
3 / 2 4
8 / 2 4
5 / 2 4
2 / 2 4
0 / 2 4
4 / 2 4
2 2 / 1 4 4
1 0 '
10
1 0 '
10
- 6
-4
10-5  
10"5
10
10
10
10
10
10
- 4
- 4
- 4
- 4
- 4
-3
10
10
-6
-5
1 0 - 6
10~6
10-5
10-5
10
1 0 ‘
10
10
10
10
- 6
-5
-5
-4
“ 5
-5
a / D e n o m i n a t o r , number  of  p l a n t s  u s e d ;  n u m era to r ,  number  of p l a n t s  
i n f e c t e d .
b /M a x im u m  d i lu t io n  a t  w h ic h  t i s s u e  e x t r a c t s  w ere  i n f e c t io u s  w h e n  
a s s a y e d  on C h e n o p o d iu m a m a r a n t i c o lo r .
th e  o the r  s t r a i n s .  In th e  c a s e  of a l l  s t r a i n s ,  h o w e v e r ,  symptoms 
d e v e lo p e d  a t  l e a s t  3 d a y s  e a r l i e r  when th e  i n f e c t e d  p la n t s  w e re  i n c u ­
b a te d  in  a c o n t ro l l e d  env ironm ent  ch am b er  a t  75°F  an d  a 14 h our  l ig h t  
per iod  r a th e r  th a n  in  a  g r e e n h o u s e . -
In o rde r  to  d e te rm in e  th e  e f f e c t  of v i ru s  c o n c e n t r a t i o n  in  t h e  
s o u rc e  p lan t  on th e  t r a n s m i s s i o n  by a p h i d s ,  a n  a t t e m p t  w a s  m ad e  to  
a l lo w  the  a p h id s  to  probe  on l e a f  d i s c s  i n f e c t e d  w i th  s im i la r  c o n c e n ­
t r a t i o n s  of  th e  four  s t r a i n s  of CMV. All  so u rc e  p l a n t s  were  i n o c u l a t e d  
a t  t h e  sam e  t im e  a s  d e s c r i b e d  a b o v e .  L oca l  l e s i o n  a s s a y s  on  c o w p e a s  
or  C henopod ium  w e re  c o n d u c te d  on  so u rc e  p l a n t s  c o n ta in in g  e a c h  s t r a in  
a b o u t  10 to 15 d a y s  a f t e r  i n o c u l a t i o n .  T h o se  t e s t s  w h ic h  sh o w e d  th e  
s am e  d i lu t io n  end  p o in t  w ere  co m p i le d .  Only o c c a s i o n a l l y ,  h o w e v e r ,  
w a s  t h e  v i ru s  t i t e r  of some of t h e  s t r a i n s  e q u a l  on  the  sam e d a y .  By 
c o n t in u a l ly  working  w i th  the  s t r a i n s ,  h o w e v e r ,  one  cou ld  o f te n  p r e d ic t  
t h e  v i ru s  t i t e r  of a p l a n t  on a c e r t a in  d a y  a f t e r  i n o c u l a t i o n .  The W i s .
14 s t r a in  w a s  so m ew h a t  t ro u b le s o m e  in  t h i s  s tu d y .  I t  u s u a l l y  took  
from 15 to  20 d a y s  to  bu i ld  up a  t i t e r  co m p a rab le  to  t h a t  of th e  o th e r  
s t r a i n s .  Tab le  2 l i s t s  th e  r e s u l t s  of t h e  ap h id  t r a n s m i s s i o n  t e s t s  on  
s o u rc e  p l a n t s  d i s p l a y in g  th e  sam e v i rus  t i t e r  for four s t r a i n s  of CMV.
P epper  is  a n o th e r  h o s t  p lan t  w h ic h  i s  f req u en ly  u s e d  a s  a  so u rc e  
p la n t  for  a p h id  t r a n s m i s s i o n  t e s t s  in v o lv ing  CMV. The a p h id ,  M . 
pe r s i c a e  r e a d i ly  t r a n s m i t t e d  s t r a i n s  W i s .  102,  MCJ,  a n d  C l  from 
p e p p e r .  S t ra in  Wis  . 14 w a s  no t  t r a n s m i s s i b l e  from peppe r  by M_,
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Table  2 .  T r a n s m is s io n  of four  . s t r a in s  of  cucum ber  m o s a i c  v i ru s
a c q u i r e d  by M yzus  p e r s i c a e  from in fe c te d  to b a c c o  p la n t s  
. c o n ta in in g  th e  sam e  v i ru s  t i t e r .
S t ra in
T ra n s m is s io n  
L e v e l ^
D ilu t io n  End 
Poin t
W i s .  102 3 / 2 4 10~4
W i s .  14 0 / 2 4 10“ 4
MCJ 0 / 2 4 10- 4
Cl 4 / 2 4
1of—1
a / D e n o m i n a t o r f number  of p l a n t s  u s e d ;  num era to r ,  number of p lan ts  
i n f e c t e d .
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p e r s i c a e . Tab le  3 s h o w s  th a t  MCJ,  the " n o n t r a n s m i s s i b l e " s t r a in  
from to b a c c o  w as  r e a d i l y  t r a n s m i s s i b l e  from pepper  by th is  a p h id  
s p e c i e s .
An a t t e m p t  w a s  made to d e te rm in e  i f  th e  n o n t r a n s m i s s i b i l i t y  of 
s t r a i n  MCJ from t o b a c c o  by M_. p e r s i c a e  might  be due  to  a l a c k  of 
a c q u i s i t i o n  o f  the v i ru s  by th e  a p h i d .  Aphids  were" a l lo w e d  to  probe 
in to  a lea f  d i s c  i n f e c t e d  with  MCJ and  th e n  to  probe in to  a membrane 
c o n ta in in g  a  sm a l l  v o lum e  of b o ra te  b u f fe r .  A s e r i e s  of four t e s t s  w as  
c o n d u c te d  u s in g  100 a p h id s  per  t e s t .  At the co m p le t io n  of t h e  a p h i d ' s  
p robe  in to  t h e  m em brane ,  the  buffer  w as  u s e d  a s  an  inocu lum  for a 
l o c a l  l e s i o n  a s s a y  on C h e n o p o d iu m . The r e s u l t s  r e v e a l e d  t h a t  a 
t o t a l  of four  l o c a l  l e s i o n s  a p p e a r e d  for  400 a p h id s  t e s t e d .
2 .  T r a n s m i s s i o n of pur if ied  v i r u s .  In  order  to  de te rm in e  w h e th e r  
th e  in a b i l i t y  of M. p e r s i c a e  to  t r a n sm i t  CMV s t r a i n s  W i s .  14 and  MCJ 
a t  l e v e l s  co m p a rab le  to  s t r a i n s  W i s .  102 and  C l  w a s  d e p e n d e n t  on a 
proper ty  of  t h e  v i r u s ,  pur i f ied  p r e p a ra t i o n s  of e a c h  s t r a i n  w ere  p re ­
pa red  from to b a c c o  or  from pumpkin .  The r e l a t i v e  c o n c e n t r a t i o n  of a 
v i ru s  may be d e te rm in e d  by i t s  i n f e c t iv i t y  t i t e r .  This  t i t e r  i s  r e f l e c t e d  
in  th e  d i lu t io n  end p o in t  of th e  v i rus  in  e i t h e r  p lan t  s a p  e x t r a c t  or  in  
pur if ied  s u s p e n s i o n .  This p o in t  i s  d e f in e d  a s  the  h i g h e s t  d i l u t i o n  a t  
w h ic h  the  v i rus  i n f e c t s  a  l o c a l  l e s i o n  h o s t .  Tab le  4 sh o w s  a  co m p a r i so n  
o f  aph id  t r a n s m i s s i o n  of the  four  CMV s t r a i n s  from both  p la n t  m a te r ia l  
a n d  pur if ied  s u s p e n s i o n s .  T h e s e  d a ta  show  th a t  a t  a p p ro x im a te ly  e q u a l
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Table  3 .  T r a n s m is s io n  of  four  s t r a in s  of c u c u m b e r  m o s a i c  v i ru s
a c q u i r e d  by M y zu s  p e r s i c a e  from in fe c te d  p e p p e r  p l a n t s .
 T r a n s m is s io n  Exper im ent_____
Stra in______________   1_______________ ?_____________ Total
W i s .  102 0 /2 4 3 /2 4 3 /4 8
W i s .  14 0 / 2 4 0 / 2 4 0 /4 8
MCJ 1 /2 4 6 /2 4 7 /4 8
Cl 4 / 2 4 3 /2 4 7 /4 8
a /D e n o m i n a t o r ,  number  of p l a n t s  u s e d ;  n u m era to r ,  num ber  of p l a n t s  
i n f e c t e d .
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Tab le  4 .  C o m p ar i so n  of t h e  a p h id  t r a n s m i s s i o n  l e v e l s  ar.c! i n fe c t iv i ty  
t i t e r s  of  four  s t r a i n s  of cucum ber  m o s a i c  v i ru s . -
S t ra in Experim ent
T r a n s m is s io n  Level ■ D i lu t ion  End Point
P lan t
M a te r i a l
Pur if ied
S u s p e n s i o n
P la n t
M a te r i a l
Pur if ied
S u s p e n s io n
1 7 /2 4  ^ 3 / 2 4
LO1or—I
1
1 0 " 6
2 9 / 2 4 4 / 2 4 10-6 10-6
W i s .  102 3 6 /2 4 5 / 2 4 10-6 10-5
4 2 /2 1 2 / 2 4  ' 10~4 10-6
t o t a l 2 4 /9 3 1 4 /9 6
1 1 /2 4 1 /2 4 i—1 o
i
■ 10~4
2 1 /2 4 0 / 2 4 10-4 l O ' 4
W i s .  .14 3 0 / 2 4 0 / 2 4 10“ 4 1 0"3
4 1 /2 4 0 / 2 4 10“ 6 1 0 ' 6
to ta l 3 /9  6 1 /9  6
1 0 /2 4 4 / 2 4 TO"6 1 0 ' 6r'
2 0 / 2 4 5 /2 4 10~6 1 0 " 6
MCJ 3 0 / 2 4 4 / 2 4 10-5 10-6
4 1 /24 1 /2 4 10“ 6 10-6
t o t a l 1 /9  6 1 4 /9 6
1 3 /2 4 9 / 2 4 1 0 " 6 1 0"5
2 8 /2 4 7 /2 4 10“ 5 10"5
Cl 3 5 /2 4 3 / 2 4 1 0 " 5 10-6
4 2 /2 4 3 /2 4 i—1 o i ■10-5
t o t a l 1 8 /96 2 2 /9 6
a / D e n o m i n a t o r ,  number  of  p l a n t s  u s e d ;  n u m era to r ,  n u m b e r  of p la n t s  
i n f e c t e d .
b /M a x im u m  d i lu t io n  a t  w h ic h  t i s s u e  e x t r a c t s  w ere  i n f e c t io u s  w hen  
a s s a y e d  on Chenopod ium  a m a r a n t i c o l o r  l e a v e s .
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c o n c e n t r a t i o n s  in p l a n t  m a te r ia l  and  pur i f ied  c o n c e n t r a t i o n s  W i s .  102 
a n d  C l  were  t r a n s m i t t e d  a t  s im i la r  l e v e l s .  S t ra in  MCJ w as  t r a n s m i t t e d  
from a pur if ied  s u s p e n s i o n  but  not from p la n t  m a t e r i a l .  The t r a n s ­
m is s io n  l e v e l  of s t r a i n  W i s .  14 i s  d o u b t fu l  b e c a u s e  i t  d id  no t  g ive  
good in f e c t iv i t y  t i t e r s  in  e i t h e r  p la n t  m a te r i a l  or pur if ied  s u s p e n s i o n .
The d i lu t io n  end  p o in t s  l i s t e d  in t h e  c a s e  of p l a n t  t i s s u e  a re  t h o s e  of 
s a p  e x t r a c t s  of the  t i s s u e  i n to  w h ic h  the  a p h id  p ro b e d .
In o rder  to  overcom e d i f f e r e n c e s  w h ich  m ight  be in t ro d u c e d  by 
th e  u s e  of pur if ied  p r e p a ra t io n s  c o n ta in in g  d i f f e r e n t  v i ru s  c o n c e n t r a ­
t i o n s ,  th e  pur if ied  p re p a ra t io n s  of t h e  d i f f e re n t  v i r u s e s  w ere  a d j u s t e d  
to  g ive  e q u a l  l o c a l  l e s i o n  co u n t s  . Due  to  the  d u ra t io n  of t im e  req u i red  
for l o c a l  l e s i o n s  to  a p p e a r  on C h e n o p o d iu m , i t  w a s  n e c e s s a r y  to  a l lo w  
a p h id s  to  probe a s e r i e s  of d i lu t io n s  of e a c h  pur if ied  s t r a in  an d  to  t h e n  
c h o o s e  th e  d i lu t io n  of  t h e  p r e p a ra t io n s  w h ic h  w ere  found to h a v e  th e  
sam e  v i ru s  c o n c e n t r a t i o n .  Tenfold s e r i a l  d i l u t i o n s  w ere  made of e a c h  of 
th e  four  s t r a i n s  in  0 .0 0 5  M bora te  bu f fe r ,  pH 9 . 0 ,  a f t e r  e a c h  p u r i f i c a ­
t i o n .  Aphids were  a l lo w e d  to  probe m em branes  c o n ta in in g  t h e s e  d i l u ­
t i o n s ,  an d  a l i q u o t s  were  t a k e n  for  l o c a l  l e s i o n  t e s t s .  The a v e r a g e  
t r a n s m i s s i o n  of a l l  s t r a i n s  t e n d e d  to  d e c r e a s e  w i th  d e c r e a s i n g  v i ru s  
c o n c e n t r a t i o n  (Table 5).  U s ing  th i s  m e th o d ,  a s s a y  of th e  pur if ied  
v i ru s  s u s p e n s i o n  w a s  p o s s i b l e  im m e d ia te ly  a f t e r  the  aph id  t r a n s m i s s i o n  
t e s t s .  This  e l im in a te d  t h e  3 to 4 d a y  w a i t in g  per iod  for  lo c a l  l e s i o n  
a p p e a r a n c e  before  a n  a p h id  t r a n s m i s s i o n  t e s t  c o u ld  be c o n d u c t e d .
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Tab le  5 .  T r a n s m is s io n  of four  s t r a in s  of cucum ber  m o s a i c  v i ru s  
a c q u i r e d  by M yzus  p e r s i c a e  from d i lu t io n s  of  pur if ied  
s u s p e n s i o n s .
S t ra in Experiment 10°
D ilu t ion  
1 0 " 1 l O ' 2 10~3
D i lu t io n  
End Point
W i s .  102 1 5 /2 4 5 /2 4 3 /2 4 4 /2 4 1 0-6  V
2 4 / 2 4 4 / 2 4 2 /2 4 0 /2 4 10-6
t o t a l 9 / 4 8 9 /4 8 5 /4 8 4 /4 8
W i s .  14 1 1 /2 4 1 /2 4 1 /2 4 0 /2 4 10~4
2 0 /2 4 3 / 2 4 0 /2 4 0 /2 4 10- 4
to t a l  ■ 1 /4 8 4 /4 8 1 /48 0 /4 8
MCJ 1 5 /2 4 5 /2 4 4 /2 4 0 /2 4 10~6
2 4 /2 4 3 /2 4 0 /2 4 0 /2 4 10-6
to t a l 9 /4 8 8 /4 8 4 / 4 8 0 /4 8
c i  - 1 ' 3 / 2 4 4 /2 4 3 /2 4 0 /2 4 10~6
2 5 /2 4 5 /2 4 4 / 2 4 3 /2 4 10-6
t o t a l 8 /4 8 9 /4 8 7 /48 3 /4 8
a / D e n o m i n a t o r ,  number  of  p l a n t s  u s e d ;  num era to r ,  number  of p l a n t s  
i n f e c t e d .
b /M ax im u m  d i lu t i o n  a t  w h ich  t i s s u e  e x t r a c t s  were  in f e c t io u s  w hen  
a s s a y e d  on C henopod ium  a m a r a n t i c o lo r  l e a v e s .
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Figure 1 d e p i c t s  how th e  s t a n d a rd  v i ra l  s u s p e n s i o n s  v/ero c h o s e n  in  
one p a r t i c u la r  t e s t .  D i lu t io n s  show ing  b e tw e en  20 to  50 l e s i o n s  
were  u s e d  a s  t h e  s t a n d a r d i s a t i o n  p o in t ,  and  a re  i n d i c a t e d  by the  
a r r o w s . In t h i s  t e s t ,  t h e n ,  the  a p h id  t r a n s m i s s i b i l i t y  of  th e  10“ ^ 
d i lu t i o n s  of s t r a i n s  C l  a n d  W i s .  14 w ere  com pared  with  th e  10“ 3 
d i lu t i o n s  of s t r a i n s  MCJ and  W i s . .102, a s  t h e s e  were  a l l  of com­
pa rab le  i n f e c t iv i t y  . Tab le  6 sh o w s  th e  r e s u l t s  of t e s t s  i n  w hich  
a p h id s  were  fed  on t h e s e  s ta n d a rd  c o n c e n t r a t i o n s  of e a c h  s t r a in  of 
CMV. A s e r i e s  of  f ive  e x p e r im e n t s  w as  ru n .  T h e se  d a ta  c l e a r ly  
i n d i c a t e  t h a t  MCJ i s  t r a n sm i t t e d  a t  t h e  s a m e  ra te  a s  W i s .  102 and  
C l ,  a n d  h en c e  t h a t  the  s p e c i f i c i t y  w i th  w h ic h  th e  aph id  M. p e r s i c a e  
t r a n s m i t s  th e  MCJ s t ra in  c a n n o t  be  e x p la in e d  on the b a s i s  of  th e  v i ru s  
a l o n e .  H o w ev er ,  the d a t a  for W i s .  14 might  i n d i c a t e  t h a t  the  v i ru s  
i t s e l f  i s  l e s s  t r a n s m i s s i b l e .
3* C o n c e n t r a t i o n of  v i rus  i n p lan t  t i s s u e s . The p o s s i b l e  e f f e c t  - 
of d i f f e r e n c e s  in  v i rus  c o n c e n t r a t i o n  in  d i f fe ren t  a r e a s  of  i n f e c t e d  l e a f  
t i s s u e  on the  a b i l i ty  of M .  p e r s i c a e  to t r a n s m i t  the four  s t r a in s  of  CMV 
w a s  d e t e r m in e d .  The u p p e r  and  low er  e p id e rm is  of e a c h  of four  young  
t o b a c c o  lo a v e s  in fe c te d  w i th  the four  CMV s t r a i n s  were  s t r ip p e d  from 
the m eso p h y l l  t i s s u e .  A l o c a l  l e s i o n  a s s a y  w a s  run on v a r io u s  d i l u -  • 
t io n s  of s a p  from e a c h  of the  two e p id e rm a l  s t r i p s .  S t ra in  W i s .  14 
sh o w e d  low c o n c e n t r a t i o n s  th ro u g h o u t  the  t e s t ,  but  no a p p r e c i a b l e
Figure  1. Loca l  l e s i o n  a s s a y  of four  s t r a in s  of cucum ber
m o s a i c  v i ru s  in  p u r i f ied  s u s p e n s i o n .  Arrows point 
to  d i lu t io n  p roduc ing  20 to  50 l e s i o n s  c h o s e n  to  
s t a n d a r d i z e  the  a p h id  t r a n s m i s s i o n  t e s t .
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Tab le  6. T r a n s m is s io n  of  s t a n d a r d i z e d  c o n c e n t r a t i o n s  of s t r a i n s  of 
cucum ber  m o s a i c  v i ru s  by M yzus  p e r s i c a e .
S t ra in  Ex p e r im en t
T r a n s m is s io n  a t  
D i lu t io n  Producing  
2 0 -50  L e s io n s
D i lu t io n  Producing  
20 -50  L e s io n s
1 3 /2 4 10“ 2
2 4 / 2 4 10-3
W is  . 102 3 5 /2 4 10~2
4 2 /2 4 1 0 " 2
5 1 /2 4 10~2
to t a l 15 /120
1 4 / 2 4 i < f 2
2 '5 / 2 4 10“ 3
MCJ 3 4 /2 4 10~3
4 1 /2 4 10“ 3
5 6 /2 4 1 0 " 2
to ta l 2 0 /1 2 0
1 9 /2 4 10" 3
2 7 /2 4 10~3
C l  3 3 /2 4 10~3
4 5 /2 4 10-2
5 3 /2 4 10~3
to t a l 2 7 /120
1 ' 1 /24
CXI 
- 
Ior—1
2 0 /2 4 1 0 " 1
W i s .  14 3 0 / 2 4 1 0 " 1
- 4 0 / 2 4  . 1 0 " 1
5 0 / 2 4 1 0 " 1
t o t a l 1 /120
a / D e n o m i n a t o r ,  num ber  of p l a n t s  u s e d ;  n u m era to r ,  number  of p lan t s  
i n f e c t e d .
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d i f f e r e n c e s  in  v i ru s  c o n c e n t r a t i o n  w ere  o b s e rv e d  among the ep id e rm a l  
t i s s u e s  i n f e c t e d  w i th  e a c h  of  th e  o th e r  s t r a i n s  (Table 7).
Aphids w e re  a l lo w e d  to  probe on s t r ip p e d  ep id e rm a l  and m e so p h y l l  
t i s s u e  i n f e c t e d  with  t h e  s t r a i n s  of CMV. At t h e  co m p le t io n  of th e  aph id  
t e s t  a l l  t i s s u e s  w ere  s u b je c te d  to  l o c a l  l e s i o n  a s s a y .  The r e s u l t s  of 
th e  t e s t  show t h a t  the  a p h id s  a re  a b le  to  t r a n s m i t  from e i th e r  t h e  e p i ­
derm is  or su b ep id e rm is  of t h e  i n f e c t e d  le a f  w i th  a b o u t  the  sam e  e f f i ­
c i e n c y  (Table 8).  The a p h id s  would  not  probe  the su b e p id e rm a l  t i s s u e  
a s  r e a d i ly  a s  th e y  probed th e  e p i d e r m is .  This  may e x p la in  the  s l ig h t  
d i f f e r e n c e s  in t r a n s m i s s i o n  l e v e l s .
4 .  Time a s  a  f a c to r  in  t r a n s m i s s i o n . S e v e ra l  e x p e r im e n ts  were  
run in  order  to  d e te rm in e  i f  the  t im e  th a t  th e  v i rus  r e m a in e d  in  the  
i n f e c t e d  l e a f  might be a f a c to r  in  i t s  i r a n s m i s s i b i l i t y  by the  a p h id .
Two o l d e s t  l e a v e s  of the '  s o u rc e  t o b a c c o  p l a n t s  were m e c h a n ic a l ly  
i n o c u la t e d  w i th  s a p  from the  four s t r a i n s  of  CMV. A phids  w ere  imme­
d i a t e l y  a l lo w ed  to  f e e d  on  a  No.  4 l e a f  d i s c  c u t  from the  le a f  im m e d ia te ly  
ab o v e  th e  i n o c u la t e d  l e a v e s  . A t e s t  w a s  c o n d u c te d  every  24 hours  for 
10 d a y s .  After e a c h  t e s t  t h e  d i s c  w a s  a s s a y e d  by the l o c a l  l e s i o n  
method  to a s c e r t a i n  th e  ap p ro x im a te  v i ru s  t i t e r  in t h e  t i s s u e  in to  w h ich  
the  a p h id s  p ro b e d .  Table  9 sh o w s  the  r e s u l t s  of  s u c h  a t e s t  com par ing  
s t r a i n s  W i s ,  102 and  MCJ.  The per  c e n t  t r a n s m i s s i o n  of e a c h  s t r a in  
by_M. p e r s i c a e  can  be fo l low ed  from the  i n i t i a l  m e c h a n ic a l  in o c u la t io n  
of t h e  sou rce  p lan t  th rough  t e n  d a y s  . The a s s a y  d e t e c t e d  no v i ru s  in
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Table  7 .  C o n c e n t r a t io n s  of  four s t r a i n s  of cucum ber  m o s a i c  v i ru s  in 
the  ep id e rm is  a n d  su b ep id e rm is  of  i n f e c t e d  t o b a c c o  t i s s u e .
D ay s  a f t e r D i lu t ion  End Point
S tra in I n o c u la t io n Epidermis S u bep ide rm is
W i s .  102 0 0 0
6 10~3 h-• o 1 G
O
10 10~5 10~5
W i s .  14 0 0n on
6 10° 10°
10
COIo1—f 10“ 3
MCJ 0 0 0
6 10“ 4 10~4
10 1 0 " 6 10~6
Cl 0 0 0
6 10“ 3 10“ 3
10 10“ 5 10~5
a /M a x im u m  d i lu t io n  a t  w h ic h  t i s s u e  e x t r a c t s  w ere  i n f e c t io u s  w hen  
a s s a y e d  on C henopod ium  a rna r a n t i c o lo r  l e a v e s  .
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Table  8 .  T ra n s m is s io n  of  four  s t r a i n s  of c u c u m b e r  m o s a i c  v i rus
a c q u i r e d  by M yzus  p e r s i c a e  from e p id e rm a l  or su b e p id e rm a l  
t i s s u e .
S t ra in Experiment
Epiderm is
T r a n s m is s io n
Leve l
S u bep ide rm is
T r a n s m is s io n
Leve l
W i s .  102 1 5 /2 4 3 / 2 4
2 4 / 2 4  ■ 2 / 2 4
3 3 /2 4 2/2-4
to t a l 1 2 /72 7 /72
W i s .  14 1 1 /2 4 0 / 2 4
2 1 /24 1 /2 4
3 1 /2 4 0 /2 4
to t a l 3 /7 2 1 /72
MCJ 1 0 /2 4 0 / 2 4
2 0 / 2 4 0 / 2 4
3 0 / 2 4 0 / 2 4
to ta l 0 /7 2 0 /7 2
Cl 1 3 / 2 4 3 / 2 4
2 7 /2 4 4 / 2 4
3 5 /2 4 2 / 2 4
to t a l 1 5 /72 9 /7 2
a / D e n o m i n a t o r ,  number  of  p l a n t s  u s e d ;  n um era to r ,  num ber  of p la n t s  
i n f e c t e d .
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T a b le  9 .  C o m p ar i so n  of t r a n s m i s s i o n  l e v e l s  of cu cum ber  m o sa ic  
v i ru s  s t r a i n s  W i s .  102 and  MCJ a c q u i r e d  from to b a c c o  
t i s s u e  by M yzus  p e r s i c a e  a t  d a i ly  i n t e r v a l s .
Aphid P e r  C e n t  D i lu t io n  End
D ay s  a f t e r  T r a n s m is s io n  T r a n s m is s io n  Poin t
I n o c u la t io n  102 M C T ^  102 MCT 102 MCT--^
1 0 / 2 4 0 / 2 4 0 0 0 0 ^
2 0 / 2 4 0 / 2 4 0 0 0 10°
3 2 / 2 4 0 / 2 4 8 .3 0 1 0 " 4 10_1
4 8 /2 4 2 / 2 4 3 3 .3 8 .3 10“ 5 10-3
5 7 /2 4 6 /2 4 2 9 .0 2 5 . 0 10~5 10“ 5
6 7 /2 4 4 / 2 4 2 9 . 0 1 6 .6 10“ 5 1 0 " 5
7 8 / 2 4 0./24 3 3 .3 0 1 0 " 5 10“ 5
8 8 / 2 4 0 / 2 4 3 3 .3 0 1 0 " 5 10“ 5
9 6 /2 4 0 /2 4 2 5 .0 0 1 0 " 5 10~5
10 6 /2 4 0 /2 4 2 5 .0 0 10“ 5 1 0 " 5
a / D e n o m i n a t o r ,  number  of p l a n t s  u sed ;  n u m era to r ,  number  of p l a n t s  
i n f e c t e d .
b /M a x im u m  d i lu t io n  a t  w h ic h  t i s s u e  e x t r a c t s  w ere  i n f e c t io u s  w hen  
a s s a y e d  on C henopod ium  a m a ra n t i c o lo r  l e a v e s .
c / l n d i c a t e s  no in fe c t io n  w i th  u n d i lu te d  s a p .
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th e  t e s t  t i s s u e  for t h e  f i r s t  tw o  d a y s  and  no a p h id  t r a n s r n i s s s o n  of 
e i th e r  s t r a i n  W i s .  102 or MCJ w a s  n o t e d .  On th e  th i rd  d a y  of the  
t e s t ,  some a p h id  t r a n s m i s s i o n  o f  s t r a in  W i s .  102 w a s  o b ta in e d  but  
MCJ rem a in e d  n o n t r a n s m i s s i b l e . Virus cou ld  be d e t e c t e d  in  t e s t  
d i s c s  c o n ta in in g  bo th  s t r a i n s  a t  t h i s  t im e  by th e  o c c u r re n c e  o f  l o c a l  
l e s i o n s  on a s s a y  p l a n t s .  A s t e a d y  i n c r e a s e  in  t h e  t r a n s m i s s i b i l i t y  
of  W i s .  102 fo l low ed  u n t i l  a n  optimum t r a n s m i s s i o n  l e v e l  w a s  r e a c h e d .  
S t ra in  MCJ,  h o w e v e r ,  r e a c h e d  an  optimum t r a n s m i s s i o n  peak  on the  
f if th  d a y  and  d e c r e a s e d  r a p id ly  u n t i l  no t r a n s m i s s i o n  w a s  n o ted  on th e  
s e v e n t h  d a y .  The v i r u s  t i t e r  of  both s t r a i n s  r e a c h e d  a  maximum po in t  
by  the  f i f th  d a y  and  r e m a in e d  th e re  for  th e  d u ra t io n  of th e  t e s t  (Fig.  2) .  
This  t e s t  w a s  r e p e a t e d  four  t im es  with s im i la r  r e s u l t s ,  a l th o u g h  the  
e x a c t  t ime a t  w h ic h  optimum t r a n s m i s s i o n  w a s  o b ta in e d  w i th  MCJ 
d i f fe red  so m e w h a t  from t e s t  to t e s t .
S im i la r  r e s u l t s  w e re  o b t a in e d  in  a  t e s t  com par ing  s t r a i n s  W i s .  14 
w i th  Cl (Table 10) .  The Cl s t ra in  sh o w ed  a  s t e a d y  i n c r e a s e  in  ap h id  
t r a n s m i s s i b i l i t y  an d  t h e  l e v e l  r em a in e d  h igh  for  t h e  re m a in d e r  of the 
t e s t .  The W i s .  14 s t r a i n  d i s p l a y e d  a  po in t  of optimum t r a n s m i s s i o n  
s im i la r  to  t h a t  of  MCJ,  bu t  t h e  d e c l in e  in  t r a n s m i s s i b i l i t y  w a s  a t  a 
s lo w e r  r a t e .  W h i le  t h e  v i ru s  t i t e r  in  th e  i n f e c t e d  t i s s u e s  t e s t e d  
sh o w ed  a  rap id  i n c r e a s e ,  t h e  t i t e r  of  th e  W i s .  14 s t r a i n  w a s  a lw a y s  
low er  t h a n  C l  (Fig .  3) .  .In t h e s e  t e s t s  l a c k  of t r a n s m i s s i o n  of the
Figure 2 . C o m p ar i so n  of aph id  t r a n s m i s s i o n  l e v e l s  a n d  i n f e c ­
t iv i ty  t i t e r s  of cucum ber  m o s a i c  v i rus  s t r a i n s  W i s .  102 
and  MCJ,  t e s t e d  a t  d a i ly  i n t e r v a l s .
% 
A
PH
ID
 
T
R
A
N
S
M
IS
S
IO
N
40 -  —  102 M E C H A N I C A L
102 A P H I D
—  MCJ M E C H A N I C A L  
MCJ A P H I D
30
25
I
10l
■itn.mm.. .. . .............
D A Y S  A F T E R  I N O C U L A T I O N
D
ILU
TIO
N
 
END 
P
O
IN
T
39
Table  10. C om par ison  of  t r a n s m i s s i o n  l e v e l s  of cu cu m b er  m o sa ic
v i rus  s t r a i n s  W i s .  14 a n d  Cl a c q u i r e d  from to b a c c o  t i s s u e  
by M yzus  p e r s l c ao a t  d a i ly  i n t e r v a l s .
Aphid Per  C e n t  D i lu t io n  End
D a y s  a f t e r  T r a n s m is s io n  T ra n s m is s io n  Poin t  ,
I n o c u la t io n ________ Cl________14 &  ■ Cl________14 C l  1 4 ^
I 0 / 2 4 0 / 2 4 0 0 0
c /
o -^
2 0 / 2 4 0 / 2 4 0 0 0 0
3 1 /2 4 1 /2 4 4 . 2 4 . 2 lO-1 10°
4 7 /2 4 3 / 2 4 2 9 .0 1 2 .5 10-3 10-1
5 8 /2 4 5 /2 4 3 3 .3 2 0 .8 10-4 1 0 " 2
6 8 /2 4 1 /24 3 3 .3 4 . 2 10“ 6 1 0 " 2
7 7 /2 4 1 /2 4 2 9 .0 4 .2 10-6 10“ 3
8 8 / 2 4 1 /2 4 3 3 .3 4 . 2 10-6 i o " 3
9 7 /2 4 0 /2 4 2 9 .0 0 1 0 " 6 lO " 3
10 6 /2 4 0 /2 4 2 5 . 0 0 10-6 10“ 4
a / D e n o m i n a t o r ,  number  of p l a n t s  u s e d ;  n um era to r ,  num ber  of p la n t s  
i n f e c t e d .
b /M a x im u m  d i lu t io n  a t  w h ic h  t i s s u e  e x t r a c t s  were  i n f e c t io u s  w hen  
a s s a y e d  on Chenopod ium  a m a ra n t i c o lo r  l e a v e s .
•2/I n d ic a t e s  no in f e c t io n  w i th  u n d i lu te d  s a p .
Figure 3 .  C o m p ar i so n  of a p h id  t r a n s m i s s i o n  l e v e l s  an d  i n f e c -  
t i v i t y  t i t e r s  of cu cu m b er  m o s a i c  v i ru s  s t r a i n s  W is  . 
a n d - C l ,  t e s t e d  a t  d a i ly  i n t e r v a l s .
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W is  . 14 s t r a in  m ight  a l s o  be e x p la in e d  on t h e  basis  of low v i ru s  t i t e r .  
T h e se  t e s t s  were  r e p e a t e d  th re e  t im e s  w i th  s im i la r  r e s u l t s .
The t ime re q u i re d  for  v i s i b l e  l o c a l  l e s i o n s  to  a p p e a r  cn  
Chenopod ium  l e a v e s  i n o c u la t e d  w i th  sap  i n f e c t e d  w i th  the  four 
s t r a i n s  of CMV d i f f e re d  w i th  the  t ime t h a t  th e  p la n t  had  been  in f e c t e d .  
At th e  t ime of th e  optimum aph id  t r a n s m i s s i o n  of  s t r a in  MCJ, l o c a l  
l e s i o n s  a p p e a r e d  w i th in  24 hours  a f t e r  i n o c u l a t i o n .  After t h i s  per iod  
the  t im e  r equ i red  to  r e a d  a l o c a l  l e s i o n  a s s a y  of th e  sou rce  t i s s u e  
e x t e n d e d  to  4 to  6 d a y s  (Fig .  4) .
5 • In h ib i t io n  s t u d i e s .  One p o s s i b l e  e x p l a n a t i o n  for th e  l a c k  of 
aph id  t r a n s m i s s i o n  of MCJ a f t e r  the  s ix th  day  might be t h a t  a  s u b s t a n c e  
bu i ld s  up in the  i n f e c t e d  t i s s u e  w h ich  i n h ib i t s  v i rus  t r a n s m i s s i o n .  If 
s u c h  an  inh ib i to r  i s  p r e s e n t ,  i t  might  be d e t e c t e d  if. a n o th e r  ap h id  
t r a n s m i s s i b l e  v i ru s  i s  p r e s e n t  in the p la n t  a lo n g  w i th  MCJ,  a n d  i t s  
t r a n s m i s s i o n  i s  im peded  in  the s a m e  m an n e r .  lit o rder  to  d e te rm in e  
the  e f f e c t  of i n f e c t io n  by  th e  MCJ s t r a in  on t h e  a b i l i t y  of M. p e r s i c a e  
to  t r a n s m i t  t o b a c c o  e t c h  v i ru s  (TEV) a t  th e  t im e  of i t s  optimum t r a n s -  
r n is s ib i l i ty  an d  t h e  t im e  of  i t s  n o n t r a n s m i s s i o n  p e r io d ,  a t o b a c c o  
p la n t  w a s  i n o c u l a t e d  .with both  v i r u s e s .  Aphids  w ere  th e n  a l l o w e d  
to  m ake  d a i ly  p robes  in to  loaf  d i s c s  c u t  from t h e  p l a n t .  T e s t  p la n t s  
show ing  ty p ic a l  symptoms of  TEV (wilting)  w ere  r e c o rd ed  a s  p o s i t i v e .  
Aphid t e s t s  on MCJ and TEV a lo n e  w ere  c o n d u c te d  a s  c h e c k s  (Table 11) .
Figure  4 .  Time req u i red  for  l o c a l  l e s i o n  a p p e a r a n c e  on
C h c n o podium a m a r a n t !c o lo r  i n o c u l a t e d  with  cucum ber  
m o s a i c  v i rus  s t r a i n s  W is  . 102 an d  MCJ.
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Table  11 „ T ra n sm is s io n  of cucum ber  m o s a i c  v i ru s  s t r a in  MCJ and  
t o b a c c o  e tc h  v i ru s  (TEV) from p la n t s  s in g ly  an d  doubly  
i n o c u la t e d  w i th  e a c h  v i m s .
Time in  
Days
1
6
10
P la n t s
Doubly In o c u la te d  Singly In o c u la te d
'  W ~
M CT  TEV
Trans m i s s l o n  Leve lsM C f .
0 /2 4
7 /2 4
0 /2 4
0 /2 4
5/2,4
7 /2 4
0 /2 4
6 /2 4
0 /2 4
t e v _
0 /2 4
5 / 2 4
6 /2 4
ay D enom ina to r ,  number of p l a n t s  u s e d ;  n u m era to r ,  number of p l a n t s  
i n f e c t e d .
DISCUSSION
L oss  or c h a n g e  in  th e  a b i l i t y  of a g iv e n  a p h id  s p e c i e s  to  
t r a n s m i t  c e r t a i n  v i r u s e s  h a s  b e en  r ep o r ted  s e v e r a l  t im e s  (30, 33,
67) ,  M o s t  w orke rs  c o n te n d  t h a t  th e  l o s s  o f  t r a n s m i s s i b i l i t y  i s  a 
g r a d u a l  p r o c e s s .  T h e s e  r e p o r t s  u s u a l l y  s t a t e  t h a t  t h e  l o s s  of  t r a n s ­
m i s s i b i l i t y  occurs_,as a r e s u l t  of c o n t in u o u s  t r a n s f e r  of th e  v i ru s  by 
m e c h a n i c a l  i n o c u l a t i o n  (51).  At l e a s t  two  a t t e m p t s  h av e  b e en  made 
to  d e te rm in e  if a  s t a g e  of. i n t e rm e d ia t e  t r a n s m i s s i b i l i t y  e x i s t s  b e tw e en  
th e  o r ig in a l  l e v e l  an d  th e  f in a l  l o s s  of t r a n s m i s s i b i l i t y  (2, 52) .  Loss  
of t r a n s m i s s i b i l i t y  w a s  a c t u a l l y  in d u c e d  in  one c a s e  (55).
Cu cu m b er  m o s a i c  v i rus  (CMV) o c c u r s  in s e v e r a l  sy m p to m ato -  
l o g i c a l ly  d i s t i n c t  s t r a i n s .  T h e se  s t r a i n s  a re  th o u g h t  to a r i s e  by a 
m e thod  s im i la r  to m u ta t io n  (41).  The m o s t  common d i f f e r e n c e s  
r e p o r t ed  among th e  s t r a i n s  a re  th e  a b i l i t y  t o  in fe c t  a g iven  p l a n t ,  th e  
ty p e  of  sym ptom s  p ro d u ce d  in  th e  i n f e c t e d  p l a n t ,  a n d  the  e f f i c i e n c y  
with  w h ic h  th e y  a re  t r a n s m i t t e d  by a p h id s  (8).  The s t r a i n s  of CMV 
w h o s e  i n s e c t  t r a n s m i s s i o n  p ro p e r t i e s  h a v e  been  s tu d i e d  a re  a l l  p l a c e d  
in  the s t y l e t - b o r n e  ca tego ry .  (64) .  In  the  c a s e  of th e  four  s t r a i n s  u s e d  
in  t h i s  s tu d y ,  d i f f e r e n c e s  in  a p h id  t r a n s m i s s i b i l i t y  by a  s in g le  aph id  
s p e c i e s  w ere  n o ted  e v e n  w h e n  the  s o u rc e  and. t e s t  p l a n t s  w ere
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s t a n d a r d i z e d .  S ev e ra l  t h e o r i e s  have  b e e n  p ro p o se d  to  e x p la in  th i s  
s p e c i f i c i t y .  T h e se  th e o r ie s  a re  u s u a l l y  c e n t e r e d  around the vector  -  
v i r u s - p l a n t  r e l a t i o n s h i p  (45).
That t h i s  d i f f e ren ce  in  s p e c i f i c i t y  of t r a n s m i s s i o n  might  be a- 
p ro p e r ty  of t h e  v e c t o r - v i r u s  r e l a t i o n s h i p  w as  c o n s i d e r e d .  I n t r in s ic  
p ro p e r t i e s  p o s s e s s e d  by th e  v i ru s  may p rev en t  i t  from b e in g  a c q u i r e d  
by t h e  a p h id .  In  t h i s  s tu d y ,  h o w e v e r ,  s e v e r a l  l i n e s  of e v id e n c e  
i n d i c a t e  t h a t  t h i s  i s  no t  t rue  in  t h e  c a s e  of s t r a in  MCJ.  Table  1 
sh o w s  t h a t  t h i s  s t r a in  may be o c c a s i o n a l l y  t r a n s m i t t e d  from to b a c c o  
by M . p e r s i c a e . This  l e v e l  i s  ex t r e m e ly  low w h e n  com pared  with t h e  
t r a n s m i s s i o n  l e v e l s  of s t r a i n s  W i s .  102 a n d  C l ,  but  i t  d o e s  i n d i c a t e  
th a t  th e  aph id  i s  a b le  to  a c q u i r e  th e  MCJ s t r a i n  from to b a c c o .
S t ra in  W is  . 14 show s  a s l i g h t ly  h igher  t r a n s m i s s i o n  l e v e l  when 
a c q u i r e d  from to b a c c o  t i s s u e  th an  d o e s  s t r a i n  MCJ.  S e c o n d ,  the 
MCJ s t r a in - w a s  r e ad i ly  a c q u i r e d  from p ep p e r  an d  t r a n s m i t t e d  to  
t o b a c c o .  In t h i s  c a s e ,  t r a n s m i s s i o n  of t h i s  s t r a i n  w as  a t  a  h igher  
l e v e l  t h a n  th a t  of  W i s .  102 an d  e q u a l  to t h e  Cl s t r a i n .  The W i s .  14 
s t r a i n ,  h o w e v e r ,  f a i led  to  be t r a n s m i t t e d  from peppe r  by M . p e r s i c a e . 
Th ird ,  Table  5 i n d i c a t e s  t h a t  t h e  MCJ s t r a i n  w a s  t r a n s m i s s i b l e  from a 
pur if ied  s u s p e n s i o n  a t  a  l e v e l  co m p a ra b le  to  W i s .  102 and  C l ,  The 
W i s .  14 s t r a in  a g a i n  sh o w ed  a  low l e v e l  of t r a n s m is s io n  in  t h i s  s e r i e s  
of e x p e r i m e n t s . It  i s  no t  c e r t a i n  th a t  th e  t r a n s m i s s i o n  l e v e l s  reco rd ed
for  th i s  s t r a i n  r e p r e s e n t  t rue  l e v e l s .  The mild symptoms produced  
in  the  t e s t  p lan ts  by t h i s  s t r a in  made i t  d i f f i c u l t  t o  a s c e r t a i n  t h o s e  
w h ic h  w e re  i n f e c t e d .  Although th e  q u e s t i o n a b l e  t e s t  p la n t s  were  
a s s a y e d  on  C h en o p odium for t h e  p r e s e n c e  o f  th e  v i r u s ,  i t  i s  p o s s i b l e  
t h a t  some in fe c te d  p la n t s  were  no t  d e t e c t e d .  Some p l a n t s ,  r e c o rd e d  
a s  p o s i t i v e ly  in fe c te d  show ed  symptom s w h ic h  so o n  f a d e d .  The 
obv ious  a n s w e r  to t h i s  problem would  be to  a s s a y  a l l  t e s t  p l a n t s .
This  t e c h n iq u e  would no t  n e c e s s a r i l y  be foo lp roof ,  s i n c e  a s in g le  
p red e te rm in ed  time for su ch  a n  a s s a y  would  not  n e c e s s a r i l y  b e  a d e ­
q u a t e  to  d e t e c t  a l l  t h e  i n f e c t e d  p la n t s  b e c a u s e  of d i f f e r e n c e s  in  th e  
t im e s  a t  w h ic h  the  v i ru s  t i t e r  b u i ld s  up to  a d e t e c t a b l e  l e v e l .  S u b s e ­
q u en t  a p h id  t r a n s m i s s i o n  t e s t s  c o n d u c te d  w i th  s t r a in  W i s .  14 w i l l  
requ i re  s e v e r a l  a s s a y s  of a l l  t h e  t e s t  p l a n t s .  F in a l ly ,  i n d i r e c t  t r a n s ­
m is s io n  s tu d i e s  u s in g  the  a p h id s  a s  v e c t o r s  of  t h e  MCJ s t r a in  in  
t r a n s m i s s i o n  from p la n t  t i s s u e  to  buffer  s o lu t io n ,  i n d i c a t e d  t h a t  th e  
v i ru s  c a n  be a cq u i re d  by the  a p h i d s .  T h e se  l in e s  of e v i d e n c e  i n d i c a t e  
t h a t  l a c k  of ab i l i ty  to  ac q u i re  th e  MCJ s t r a i n  per  s e  by th e  a p h id  i s  no t  
th e  r e a s o n  for i t s  low l e v e l s  of t r a n s m i s s i b i l i t y .  The a c q u i s i t i o n  of 
t h i s  s t r a i n  from t o b a c c o ,  h o w e v e r ,  m ust  e n t a i l  some co m p lex  v i r u s -  
source, p lan t  r e l a t i o n s h i p .  Such  may a l s o  be the c a s e  with  W i s .  14, 
but  th i s  c a n n o t  be a s c e r t a i n e d  u n t i l  b e t t e r  m e thods  of t e s t i n g  for 
i n s e c t  t r a n s m is s io n  of  th is  s t r a i n  are  d e v i s e d .
The v i ru s  t i t e r  in  th e  in fe c te d  p lan t  i s  of pr imary  c o n c e r n  in  a n  
i n v e s t i g a t i o n  of  the  v i r u s - s o u r c e  p lan t  r e l a t i o n s h i p .  The am oun t  of 
v i ru s  a v a i l a b l e  to  the  ap h id  may be a f a c to r  in  i t s  t r a n s m i s s i o n .
Table  2 ,  h o w ev er ,  sh o w s  t h a t ,  a l th o u g h  t h e  v i ru s  t i t e r s  for a l l  four 
s t r a in s  w ere  the  same a t  the  t ime of the  ex p e r im e n t ,  s t r a in s  W i s .  14 
a n d  MCJ f a i l e d  to  be t r a n s m i t t e d  from p la n t  m a te r ia l  by a p h i d s .  This 
p a r t i c u la r  t i t e r  w a s  u s e d  a s  the  s t a n d a r d i z a t io n  poin t  b e c a u s e  i t  w a s  
t h e  maximum t i t e r  a v a i l a b l e  w i th  the  Wis  . 14 s t r a in  i n  t o b a c c o .  U s in g  
pur if ied  p r e p a ra t io n s  of  the  four s t r a i n s ,  i t  w a s  p o s s i b l e  to a d j u s t  t h e  
v i ru s  t i t e r  o f  th e  s u s p e n s i o n s  in to  w h ich  th e  ap h id s  p robed .  Table  6 
i n d i c a t e s  t h a t  w hen  th e  ap h id s  probed in to  p re p a ra t io n s  c o n ta in in g  
e q u a l  c o n c e n t r a t i o n s  of  th e  MCJ,  C l ,  an d  W i s .  102 s t r a i n s ,  t r a n s ­
m is s io n  l e v e l s  w ere  c o m p a ra b le .  The W i s .  14 s t r a in  d e m o n s t r a t e d  a 
l e v e l  of  t r a n s m i s s i b i l i t y  by ap h id s  from pur if ied  s u s p e n s i o n  w h ic h  w a s  
lower  t h a n  t h a t  of the  o the r  s t r a i n s ,  h o w e v e r .  No d e f in i te  s t a t e m e n t s  
c a n  be m ade  a t  t i l ls t im e  reg a rd in g  th e  e f f e c t  of v i ru s  c o n c e n t r a t i o n  on 
the  t r a n s m i s s i b i l i t y  of  W i s .  14 by a p h i d s ,  pr imari ly  b e c a u s e  of  the  
d i f f i c u l t i e s  in  d e t e c t i o n  of i n f e c t e d  t e s t  p l a n t s .  This  s t r a in  a l s o  
c o n s i s t e n t l y  showed low er  t i t e r s  in  p la n t  m a te r ia l  th a n  the  o th e r  s t r a i n s .  
In  most  c a s e s  symptoms were r e t a rd e d  or e v e n  c o m p le te ly  a b s e n t  in  th e  
so u rce  p l a n t s .  This  w a s  u s u a l l y  i n d i c a t iv e  of a  .low v i rus  c o n c e n t r a t i o n  
in  the  i n f e c t e d  s to c k  p l a n t s .  Sevei 'a l  m e thods  were  t r i e d  in  a n  a t t em p t  
to  e n h a n c e  the W i s .  14 c o n c e n t ra t io n ;  r e v e r s i o n  to  d r ied  i n f e c t e d  p lan t
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m a te r ia l  a s  s to c k  t i s s u e ,  c o n t ro l l e d  env i ronm en t  i n c u b a t i o n  of so u rce  
p l a n t s ,  Yarwood 's  e n h a n c e m e n t  m ed ia  in t h e  in o cu lu m  sap  of t h e  s to c k  
t i s s u e  (72) ,  and  d e n s e  s t o c k  p la n t  s a p  in o c u lu m .  All  a t t e m p t s  to  
r a i s e  the  c o n c e n t r a t i o n  of t h i s  s t r a i n  in  t h e  p la n t  f a i l e d .  In  t h e  c a s e  
of MCJ,  h o w e v e r ,  i t  i s  no t  l i k e ly  t h a t  v i ru s  c o n c e n t r a t i o n  i s  a f a c to r  
in  i t s  t r a n s m i s s i b i l i t y  by  a p h i d s .
S ty l e t -b o r n e  v i r u s e s  a re  b e s t  a c q u i r e d  a n d  t r a n s m i t t e d  by a p h id s  
in  ve ry  sh o r t  probing p e r io d s  (12).  I t  h a s  b e en  sh o w n  tha t  in t h e  sho r t  
t im e  r e q u i re d  for  e f f i c i e n t  t r a n s m i s s i o n  by a p h i d s ,  t h e  s t y l e t s  are  
r e s t r i c t e d  to the  e p id e rm a l  t i s s u e  of th e  p la n t  (12) .  Th is  f a c t  h a s  led  
many w o rk e rs  to  b e l i e v e  t h a t  v i ru s  c o n c e n t r a t i o n  a n d / o r  d i s t r ib u t io n  in 
the ep id e rm is  m ay  prov ide  th e  k ey  to  s p e c i f i c i t y  by a p h id  v e c t o r s .
The i d e a  h a s  been  e x p r e s s e d  in  v a r i e d  fo rm s .  Som e w orke rs  s a y  t h a t  
v i rus  c o n c e n t r a t i o n  a t  the  s i t e  of  th e  i n s e c t  probe i s  im por tan t  (12) 
w hi le  o th e r s  w ould  in c r im in a t e  t h e  w h o le  e p id e rm a l  a r e a  (7, 68) .  O thers  
c o n te n d  th a t  v i ru s  d i s t r i b u t io n  p l a y s  a major  ro le  in  v e c to r  s p e c i f i c i t y  
(27).  The a v a i l a b i l i t y  of t h e  v i ru s  i n . t h e  im m e d ia te  a r e a  of th e  aph id  
probe i s  o b v io u s ly  e s s e n t i a l  to  a c q u i s i t i o n .  V ar ious  t e c h n i q u e s  hav e  
been  e m ployed  to  o b ta in  e v i d e n c e  in  suppor t  of t h e s e  t h e o r i e s  . U l t r a ­
v i o l e t  i r r a d i a t i o n  of  i n f e c t e d  p la n t  t i s s u e  h a s  b e e n  u s e d  to  a s c e r t a i n  
the  e f f e c t  of v i ru s  c o n c e n t r a t i o n  on a p h id  t r a n s m i s s i o n  (68). I t  i s  
a s s u m e d  th a t  t h i s  t r e a tm e n t  d o e s  no t  a f f e c t  t h e  m e s o p h y l l .  The r e d u c ­
t ion  of v i ru s  c o n c e n t r a t i o n  in  th e  i r r a d i a t e d  t i s s u e  c a n  be m e a su red
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both  by .local l e s i o n  a s s a y  of i n f e c t e d  sap  and  by an a ph id  t r a n s m is s io n  
t e s t .  The d ev e lo p m e n t  of ep id e rm a l  s t r ip p in g  t e c h n i q u e s  h a s  l e n t  
c o n s id e r a b l e  suppor t  to  t h i s  w ork .  These  t e c h n i q u e s  a ] low ed  t r a n s ­
m is s io n  t e s t s  on a s p e c i f i c  l e a f  a r e a  w i thou t  the  in t e r f e r e n c e  of  o ther  
a r e a s .
The a s s u m p t io n  t h a t  th e r e  may be more a p h id  e x t r a c t a b l e  v i ru s  
in  t h e  e p id e rm a l  c e l l s  of th e  so u rc e  p lan t  th a n  in  the  d e e p e r  t i s s u e  
i n f e c t e d  w i th  th e  t r a n s m i s s i b l e  s t r a i n s  of CMV prompted i n v e s t i g a t i o n .  
All s t r a i n s  t e s t e d  were  s u b je c t e d  to l o c a l  l e s i o n  a s s a y s  of th e  upper  
and  lower  ep id e rm a ta  a s  w e l l  a s  th e  m e so p h y l l  t i s s u e .  The s m a l l e s t  
a r e a s  perm it t ing  aph id  p ro b es  were  randomly  s am p led  from an  in fe c te d  
p la n t  l e a f .  The MCJ s t r a i n  in v a r ia b ly  show ed  higher  t i t e r s  of v i rus  
in  both  the  ep ide rm al  and  su bep ide r rna l  t i s s u e s  than  did  an y  o the r  
s t r a i n .  The W i s .  14 s t r a i n  sh o w ed  the l o w e s t  c o n c e n t r a t i o n s  in e i th e r  
t i s s u e .  D i f f e r e n c e s  in the  aphid, t r a n s m i s s i b i l i t y  of s t r a in s  W i s .  1 0 2 /  
MCJ,  an d  C l ,  t h u s  c a n n o t  be e x p la in e d  on t h e  b a s i s  of  d i f f e r e n c e s  in 
v i rus  c o n c e n t r a t i o n  in th e  e p id e r m is .  Aphid s t y l e t s ,  probing t h e  
e p id e rm is  of l e a v e s  in fe c te d  with  an y  of t h e s e  s t r a i n s ,  shou ld  e n c o u n te r  
s im i la r  c o n c e n t r a t io n s  of t h e  v i rus  . This  w ou ld  not  be  the  c a s e  with  
s t r a in  W i s .  14,  b e c a u s e  of th e  low v i rus  c o n c e n t r a t i o n  in the ep id e rm is  
of a p la n t  i n f e c t e d  w i th  t h i s  s t r a in  (Table 7).
S t r ipped  ep id e rm a l  t i s s u e  i s  f req u en t ly  u s e d  in a p h id  t r a n s m i s s i o n  
t e s t s  t o  e n s u re  t h a t  a c q u i s i t i o n  of th e  v i rus  i s  from th is  a rea  a lo n e
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(27, 3 6). In t h i s  s tudy  ap h id s  w ere  a l l o w e d  to probe in to  bo th  
e p ide rm al  an d  su b e p id e rm a l  t i s s u e  w h ich  had  been  s e p a r a t e d .
Tab le  8 show s  tha t  s t r a in s  W i s .  102 an d  C l  a re  a s  r e a d i l y  t r a n s ­
m i s s i b l e  from th e  su b ep id e rm is  a s  from th e  e p id e r m is ,  but s t r a in  
MCJ i s  no more t r a n s m i s s i b l e  from the s u b e p id e rm is  t h a n  from th e  
e p id e r m is .  S t ra in  W i s .  14 sh o w e d  s l i g h t ly  b e t t e r  t r a n s m i s s i o n  from 
th e  ep id e rm is  th a n  from the  su b e p id e rm is  . I t  a p p e a r s ,  then  t h a t  the  
a n s w e r  to  ap h id  s p e c i f i c i t y  in t h e  t r a n s m i s s i o n  of t h e s e  s t r a i n s  of 
CMV d o e s  not  l ie  in g ro s s  d i f f e r e n c e s  in  v i ru s  d i s t r ib u t io n  in th e  
in fe c te d  h o s t .
The p rev ious  r ep o r t s  a b o u t  a l o s s  or ch a n g e  in  the  a b i l i ty  of an  
aph id  to t r a n sm i t  a g iven  v i ru s  s t a t e  tha t  th e  i n s e c t s  probed on l e a v e s  
show ing  pronounced  s y s t e m ic  symptoms (2, 30) . T oba cco  i n o c u l a t e d  
w i th  t h e  s t r a in s  of CMV u s e d  in  th i s  s tu d y  re q u i red  from 10 to  14 d a y s  
after, i n o c u l a t i o n  to  d i s p l a y  s u c h  s y m p to m s .  I t  i s  a f t e r  th i s  p e r io d  th a t  
a p h id  t r a n s m i s s i o n  t e s t s  a re  u s u a l l y  c o n d u c t e d .  F igures  2 an d  3 show 
th a t  t h i s  per iod  may no t  c o in c id e  w ith  the  per iod  of optimum a p h id  
t r a n s m i s s i b i l i t y  of  s t r a i n s  W i s .  14 and  M CJ.  The p e a k  of optimum 
t r a n s m i s s i o n  of  s t r a in  MCJ o ccu r red  f ive  d a y s  a f te r  in o c u la t i o n  of th e  
s o u rc e  p l a n t .  When symptoms d id  a p p e a r  on  the s o u rc e  p l a n t ,  a p h id  
t r a n s m i s s i o n  w as  no longer  p o s s i b l e .  Strain. W i s . 102 d e m o n s t r a t e d  
a ph id  t r a n s m i s s i b i l i t y  both  before  and  a f te r  the a p p e a r a n c e  o f  sym ptom s .  
This  w a s  a l s o  t ru e  for s t r a in  C l ,  but  s t r a i n  W i s .  14 w a s  no lo n g e r
t r a n s m i s s i b l e  by a p h id s  a f te r  t h e  a p p e a r a n c e  of sy m p to m s .  The f i n d ­
in g s  p r e s e n te d  in t h i s  report  show  th a t  a n  optimum t im e  for aph id  
t r a n s m i s s i o n  may o c c u r  w i th in  a few h o u r s ,  bu t  in  o th e r s  i t  may 
e x te n d  over  a  per iod  of  d a y s .  The " n o n t r a n s m is s ib l e "  s t r a in s  u s e d  
i n  t h i s  s tu d y  a re  c h a r a c t e r i z e d  by a sho r t  per iod  of  e f f i c i e n t  a p h id  
t r a n s m i s s i o n  w h i le  t h e  t r a n s m i s s i b l e  s t r a i n s  show a n  e x ten d e d  pe r io d  
of  t r a n s m i s s i o n .  This  au tho r  f e e l s  th a t  t h i s  phenom enon  may be more 
common th a n  b e l i e v e d  and  may e x p la in ,  in  par t ,  r e p o r t s  of l o s s  or  
c h a n g e  in  aph id  t r a n s m i s s i b i l i t y  of some v i r u s e s  or  v i ru s  s t r a i n s .
I t  i s  now e v id e n t  th a t  s t r a i n s  te rm ed  t r a n s m i s s i b l e  may be a cq u i r e d  
from s o u rc e  p lan t s  a t  any  t im e  a f te r  a lag  per iod  an d  a  c e r t a in  d e g r e e  
of aph id  t r a n s m i s s i b i l i t y  o b t a i n e d .  U n le s s  the  " n o n t r a n s m i s s i b l e " 
s t r a i n s  a r e  t e s t e d  w i th in  48 hours  of th e  optimum t r a n s m i s s i o n  p o i n t ,  
f a l s e  i n t e r p r e t a t i o n s  of t r a n s m i s s i o n  l e v e l s  may r e s u l t .  An im p o r tan t  
po in t  to be c o n s id e r e d  i s  th a t ,  shou ld  t h i s  per iod  of  optimum t r a n s ­
m i s s i b i l i t y  o c c u r  w i th in  10 to  14 d a y s ,  th e  so u rc e  p l a n t  show s  f ew ,  
i f  an y ,  s i g n s .o f  s y s t e m i c  i n f e c t io n  a t  t h i s  ea r ly  t im e .  This p ro v id e s  
further  e v id e n c e  tha t  t h i s  optimum per iod  c a n  be e a s i l y  o v e r lo o k ed  by 
the  c a s u a l  r e s e a r c h e r  re ly ing  on symptomology a l o n e  to  de te rm ine  th e  
i d e a l  t im e  for an a p h id  t r a n s m i s s i o n  t e s t .
This  phenom enon  might  w e l l  prov ide  a c lu e  to  th e  r e a s o n s  for  th  
d i f f e r e n c e s  in t r a n s m i s s i o n  of  t h e s e  s t r a i n s  of CMV. The r e s u l t s  
shown in Figure 4 may  be i n te rp re te d  a s  a  ch an g e  in  the  form of the  
MCJ s t r a i n  over  a  per iod  of  t im e .  W h e th e r  th is  c h a n g e  i s  r e s p o n s i b l e
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for  d i f f e r e n c e s  in th e  t r a n s m i s s i b i l i t y  of  the  v i ru s  i s  no t  know n.
An in v e r s e  proport ion  b e tw e e n  the  t im e  of  optimum t r a n s m i s s i o n  of 
th e  s t r a in  an d  the  t ime r e q u i re d  for l o c a l  l e s i o n  d e v e lo p m e n t  is  
e v id e n t ,  h o w e v e r .  It  i s  p o s s i b l e  t h a t  t h e  v i ru s  i s  a v a i l a b l e  in the  
form of RNA a t  one  t ime on ly  dur ing  t h e  i n f e c t io n  p r o c e s s  an d  the 
a p h id  t r a n s m i t s  only  t h i s  form. S u b s e q u e n t  a p h id  t r a n s m i s s i o n  t e s t s  
c o n d u c te d  w i th  th i s  s t r a i n  in  the  RNA form may w e l l  prov ide  the  a n s w e r  
to  th e  q u e s t i o n  of th e  v i r a l  form t r a n s m i t t e d .
If i n t e r c e l l u l a r  a c q u i s i t i o n  of th e  v i ru s  (70) by JVL p e r s i c a e  i s  
a s s u m e d  to  be the c a s e  w i t h  p lan t s  i n f e c t e d  w i th  CMV, i t  may be 
t h a t  the  v i r u s - s o u r c e  p l a n t  r e l a t i o n s h i p  i s  i d e a l  for a p h id  a c q u i s i t i o n  
of th e  " n o n t r a n s m i s s i b l e "  s t r a i n s  only  a t  a c e r t a i n  t ime dur ing  the  
in fe c t io n  p r o c e s s .  It  i s  p o s s i b l e  t h a t  the  v i ru s  c an  be a c q u i r e d  from 
th e  t r a n s v e r s e  c e l l  w a l l s  of the ep id e rm is  only  a t  t h i s  t i m e .  D if fe r ­
e n c e s  in t h e  d is t r ibu t ion ,  of  t r a n s m i s s i b l e  an d  " n o n t r a n s m is s ib l e "  
s t r a i n s  a t  t h e  c e l l u l a r  l e v e l  would  be i m p o s s ib l e  to  d e t e c t  by in f e c -  
t i v i t y  t e s t s ,  and  might r e q u i re  th in  s e c t io n in g  an d  e l e c t r o n  m ic ro s c o p y .
A f in a l  c o n s id e r a t i o n  in  th e  a c q u i s i t i o n  of th e  " n o n t r a n s m i s s i b l e "  
s t r a i n s  by M . p e r s i c a e  i s  tha t  i n fe c t io n  by t h e s e  s t r a i n s  may r e s u l t  in  
t h e  p roduc t ion  of an  in h ib i to ry  s u b s t a n c e  w h ich  p r e v e n t s  v i rus  a c q u i s i ­
t i o n  by th e  a p h id .  The r e s u l t s  l i s t e d  in  Table  11 i n d i c a t e  t h a t  if su c h  
a n  inh ib i to r  i s  p ro d u c e d ,  i t  m ust  be s p e c i f i c  for  the  v i rus  in d u c in g  i t .  
T o b a cc o  e t c h  v i rus  (TEV) w a s  t r a n s m i s s i b l e  by M_. p e r s i c a e  from a
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p lan t  con ta in in g  both MCJ and  TEV throughout  the  t e s t .  The p r e s e n c e  
of MCJ in th e  p lan t  d id  not in h ib i t  the  t r a n s m i s s i o n  .of TEV e i the r  
a t  the  t ime of optimum MCJ t r a n s m i s s i o n  or when i t  w a s  no longer  
t r a n s m i s s i b l e .  A b e t t e r  t e s t  of t h i s  h y p o th e s i s  might  be th e  u s e  of 
s t r a i n s  MCJ and  W i s .  102. It i s  doub tfu l ,  how ever ,  t h a t  a source  
p la n t  cou ld  be doubly  in fe c te d  with  t h e s e  s t r a in s  in  co n c e n t r a t io n s  
opt imal  to  aph id  t r a n s m i s s i o n  of  both s t r a i n s .  C o n fu s io n  may a l s o  
r e s u l t  in r e a d in g  l o c a l  l e s io n  a s s a y s  a t  t h e  t ime of optimum t r a n s m is s io n  
of MCJ.
Many s ta b le  v i r u s e s  w h ich  o ccu r  in the  so u rce  p la n t  in  high 
c o n c e n t r a t io n s  have been  shown to be m e c h a n ic a l ly  t r a n sm i t t e d  but 
not  t ra n sm i t t e d  by aphids . .  Tobacco  m o sa ic  v i rus  (TMV) h a s  been  
shown to  be a cq u i red  by the aph id  but no t  t ra nsm i t ted  (35, 38),  
a l th o u g h  i t  c a n  be r e l e a s e d ,  in  an  i n fe c t io u s  s t a t e ,  in to  buffer s o l u ­
t ions  (40). The p o s s ib i l i t y  t h a t  th i s  might  be a r e a s o n  for the  n o n -  
t r a n s m i s s i b i l i t y  of t h e  MCJ s t r a in  of CMV w as  c o n s id e r e d .  This i s  not  
l ik e ly  to  be true for th i s  s t r a i n ,  h o w ev er ,  b e c a u s e  i t  i s  a lw a y s  t r a n s ­
m is s ib l e  from purif ied  s u s p e n s i o n s  and  i s  a l s o  r ea d i ly  t r a n s m i s s i b l e  
from p lan t  m ate r ia l  a t  ce r ta in  t im es  dur ing the  i n fe c t io n  p r o c e s s .
Why should  one s t r a in  of a  g iv en  v i rus  be t r a n s m i s s i b l e  by ap h id s  
for only a shor t  t ime w hi le  a n o th e r  s t r a in  se em s  c o n t in u a l ly  t r a n s ­
m i s s i b l e ?  O bv io u s ly  there c a n  be no s im ple  a n s w e r  to  t h i s  q u e s t io n  
b e c a u s e  no two ‘'n o n t r a n s m is s ib l e "  s t r a in s  behave  in  the same m anner
and  th e re  i s  e v e n  v a r i a t io n  in  th e  optimum t r a n s m i s s i o n  Lime b e tw e e n  
t e s t s  u s in g  the  sam e  s t r a i n .  The problem i s ,  t o  be s u re ,  more co m ­
p lex  t h a n  it  a p p e a r s .  The d a t a  p r e s e n t e d  in  t h i s  d j s s e r t a o n  i n d i c a t e  
t h a t  the  a n s w e r  l i e s  not  m ere ly  in th e  v i rus  s t r a i n  or v i rus  source  
p la n t  u s e d ,  but p e rh ap s  in  a n  i n t e r a c t io n  b e tw e e n  t h e s e  c o m p o n e n t s .  
The d a ta  a l s o  i n d i c a t e s  t h a t  r e p o r te d  r e s u l t s  h e re to fo re  a t t r ib u te d  to  
a l o s s  in  t r a n s m i s s i b i l i t y  of a v i ru s  by a n  a p h id  may m ere ly  be a 
sh i f t  i n  th e  t ime of  optimum t r a n s m i s s i b i l i t y .  The optimum time for 
aph id  t r a n s m i s s i o n  i s  no t  i d e n t i c a l  from t e s t  to t e s t  w i th  the  same 
v i rus  and  d i f fe r s  g r e a t ly  am ong i t s  s t r a i n s .
SUMMARY
A s e r i e s  of  ex p e r im e n t s  w as  c o n d u c te d  w i th  four s t r a i n s  of 
c ucum ber  m o s a i c  v i rus  (CMV), W i s c o n s i n  102 ,  W i s c o n s i n  14, MCJ 
an d  C l ,  in  an  a t t em p t  to  de te rm in e  the  r e a s o n s  for t h e i r  d i f f e r e n t i a l  
t r a n s m i s s i o n  by the  a p h id  M y zu s  p e r s i c a e . I n f e c t e d  t o b a c c o  or 
peppe r  t i s s u e  or a pur if ied  v i ru s  s u s p e n s i o n  w a s  u s e d  a s  a v i ru s  
so u rce  for t h e  a p h i d s .  T o b acco  w as  u s e d  e x c l u s i v e l y  a s  the  t e s t  
p l a n t .  Aphids were a l lo w e d  to make 30 s e c o n d  p robes  on the s o u r c e  
p lan t  or membrane, c o n ta in in g  the  pur if ied  v i r u s .  A s in g l e  aph id  w a s  
p la c e d  on e a c h  t e s t  p l a n t  for a b o u t  e ig h t  h o u r s .  The a p p e a r a n c e  of 
symptom s on th e  t e s t  plant 's .was r e g a rd e d  a s  p o s i t i v e  t r a n s m i s s i o n  of 
th e  v i ru s  .
P re l im inary  t e s t s ,  em ploying  t h e  a p h id  a s  a v e c t o r  tor  p la n t  to 
p la n t  t r a n s m i s s i o n  of t h e  four CMV s t r a i n s ,  r e v e a l e d  t h a t  d e f in i t e  
d i f f e r e n c e s  in  th e  a b i l i t y  of th e  i n s e c t  to  t r a n s m i t  th e  v i ru s  s t r a i n s  
d id  e x i s t .  Two s t r a i n s ,  W is  . 102 a n d  C l ,  w e re  found to be e a s i l y  
t ransm i t ted  by the  a p h id  w h i le  s t r a i n s  W i s .  .14 a r J  MCJ were  se ld o m  
t r a n s m i t t e d .  Further t e s t i n g ,  u s in g  th e  a p h id  a s  a v e c to r  of p u r i f ied  
v i ru s  to a  t e s t  p la n t ,  i n d i c a t e d  t h a t  in  t h e  c a s e  of s t r a i n  MCJ the  
p roblem o f  s p e c i f i c i t y  d id  no t  l ie  in  aph id  a c q u i s i t i o n  o f  the  v i rus  
per  so . In t h e s e  t e s t s  a l l  s t r a i n s ,  e x c e p t  W i s .  14, w ere  c o m p a ra b le
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in t h e  a b i l i t y  to  be t r a n sm i t t e d  by a p h i d s .  D i f f i c u l t i e s  in ob ta in in g  
an  e f f e c t iv e  v i rus  t i t e r  in  p lan t  t i s s u e  a n d  d i f f i c u l t i e s  in  symptom 
e x p r e s s i o n  p r e v en te d  e x t e n s iv e  t e s t s  w i th  the  W i s .  14 s t r a in .  
D i f f e r e n c e s  in  th e  c o n c e n t r a t i o n  of  the  s t r a i n s  MCJ, W i s .  102 and  
Cl  w a s  ru led  out  a s  a fac tor  in  t h e  t r a n s m i s s i o n  of t h e  pur if ied  v irus  
by s t a n d a r d i z a t i o n  of  a l l  s t r a in  t i t e r s  before  e x p e r im e n ta t io n .
The p o s s i b i l i t y  tha t  d i f f e r e n t i a l  c o n c e n t r a t i o n s  of  v i rus  i n  the 
e p id e rm is  of  p l a n t s  in fe c te d  w i th  v a r io u s  s t r a i n s  of  CMV a f f e c t e d  
th e i r  t r a n s m i s s i o n  by ap h id s  w a s  c o n s i d e r e d .  The v i ru s  c o n c e n t r a ­
t i o n s ,  d e te rm in e d  by lo c a l  l e s i o n  a s s a y ,  in  both ep id e rm a l  a n d  s u b -  
e p id e rm a l  t i s s u e  of p la n t s  i n f e c t e d  with  s t r a i n s  W i s ,  102 and  Cl were 
found to be s im i l a r .  The MCJ s t r a i n  u s u a l l y  show ed  h igher  c o n c e n t r a ­
t i o n s  of v i rus  in  both  th e se  t i s s u e s  w hi le  t h e  W i s .  14 a lw a y s  show ed  
much lower  c o n c e n t r a t i o n s .  T r a n s m is s i o n  by a p h id s  which probed  
i n f e c t e d  ep id e rm a l  t i s s u e  was  s im i l a r  to tha t  by a p h i d s  which  probed 
on i n t a c t  t i s s u e .  A d i f fe ren ce  i n  v irus  c o n c e n t r a t i o n s  in the  
ep ider tna tu  of p l a n t s  in fe c te d  w i t h  the four  CMV s t r a i n s  c a n n o t  a c c o u n t  
for d i f f e r e n c e s  in  a p h id  t r a n s m i s s i b i l i t y .
In  order  to  d e te rm in e  the  e f f e c t  of t h e  t ime o f  so u rce  p l a n t  
i n f e c t io n  on ap h id  t r a n s m i s s i o n  of  s t r a in s  of CMV, a p h id  t e s t s  were 
c o n d u c te d  on  th e  s o u rc e  p lan ts  d a i ly  from the  time o f  in i t i a l  s a p  
i n o c u l a t i o n  th rough  t e n  d a y s .  E a ch  s t r a in  show ed  a n  in i t i a l  la g  p h ase  
du r ing  w h ich  no t r a n s m is s io n  by th e  a p h id s  could  be  d e t e c t e d .  The
" n o n t r a n s m is s ib l e "  s t r a i n s  sh o w ed  a p ea k  of optimum t r a n s m is s io n  
011 a c e r t a in  day  w h i le  th e  t r a n s m i s s i b l e  s t r a i n s  r e a c h e d  a po in t  of 
optimum t r a n s m i s s i o n  an d  rem a in e d  a t  a  h igh  l e v e l  of  t r a n s m i s s i b i l i t y  
for the  d u ra t io n  of th e  t e s t .  During th e  time of o p t im a l  t r a n s m i s s i o n  
of a  " n o n t r a n s m i s s i b l e "  s t r a i n ,  i t  w a s  no ted  th a t  i t  p roduced  lo c a l  
l e s i o n s  on C henopod lum  a m a r a n t i c o l or  w i th in  24 h o u r s .  The a v e ra g e  
t ime for l o c a l  l e s i o n  d e v e lo p m e n t  on  th is  p lan t  i s  3 to  4 d a y s .
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